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Influence of gyroscopic action 
on the necessary superelevation to be provided on curves, 


By F. CORINI, 


PROFESSOR OF ENGINEERING, MEMBER OF THE ITALIAN PARLIAMENT, 


Figs. 1] tos, 


I. — Introduction. 


The superelevation of the outside rail 
on curves is so calculated that the hori- 
zontal component of the weight of a 
vehicle passing round the curve at any 
given speed shall be equal to the centri- 
fugal force acting on the vehicle. 


On this basis the superelevation A, in 


metres, is given by an equation (1): 


in which : 
s, is the gauge, in metres; 
g, the acceleration due to gravity, in 
metres per second per second; 
V, the speed, in metres per second; 
R, the radius of the curve, in metres. 


As in practice, provision must be made 
for the various speeds at which trains 
pass round the curve, the formula (1) 
has to be modified, and for the majority 
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of speeds it is not possible to completely 
balance the centrifugal force. 

The Italian State Railways use, in 
order to determine the superelevation of 
the outside rail, the above formula (1), 
giving V the value given by 
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where V, is the maximum speed and 
V, the minimum speed of trains running 
on the line. 

With this value of V, the resultant of 
the weight and the centrifugal force 
approximately bisects the angle formed 
by the two similar resultants correspond- 
ing to the maximum speed and the mini- 
mum speed. 

The formule given above are satis- 
factory in practice when the maximum 
speed does not exceed the ordinary figure, 
that is to say, 120 tot 140 km. (75 to 
87 miles) per hour. 

The present day tendency to higher 


(4) See Corint: 
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Lesioni di Ferrovie, vol. I, p. 193. — Publishers Donati Bros. 


, Parma, 1925. 
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speeds makes it necessary for us to in- 
vestigate whether, in the event of higher 
speeds being adopted, it would be neces- 
sary, in determining the superelevation, 
to take into account other factors besides 
the effects of centrifugal force. 

We may refer to the trials carried out 
in Germany, between Berlin and Zossen, 
with trains running at 200 km. (124.8 
miles) per hour. 


An investigation of 
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ordinate Oz. Suppose that initially the 
cylinder rotates round its geometrical axis 
which remains fixed with a positive an- 
gular velocity « = 2xn, where n is the 
number of revolutions per second. Let 
us now suppose that the axis O£ turns 
in space around the point O with an 
angular velocity o whose components 
along the three co-ordinates are wa, Wy, 
Orn 

In order to investigate the dynamic 
equilibrium of the system at any given 


the problem which we have just raised 
may find its justification in such tests 
which have already had an effect upon 
the speeds attained in every day practice. 


IJ. — Gyroscopic action as affecting 
railway rolling stock. 


Considering (fig. 1)'a system of three 
co-ordinates Ox, Oy, Oz, and a eylinder 
whose axis O& coincides with the co- 


instant, let us take as co-ordinates Oz, 
Oy, Oz, the principal axes of inertia of 
the cylinder, and apply Euler's equations 
dealing with the motion of a body around. 
a point, namely : 
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in which I,,1,, 1; are the moments of 
inertia of the cylinder with respect to 
the three axes; M’x, M’,, M’: are the 
moments of the applied forces with res- 
pect to the same axes. In the case of 
the eylinder 1, = I, and consequently the 
second term of the first equation (3) 
disappears. 

To take into account, not only the rota- 
tion » around the point O, but also the 
rotation of the cylinder around its own 
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Suppose now that: 


OQ. = Wy — 0 
W; = ww = constant 


_ in other words, supposing that while the 
' cylinder rotates about its axis with a 
velocity «, the motion of its axis is re- 
_ duced to a rotation around the co-or- 
' dinate z, that is to say that O§ remains 
_ in the plane zy at a constant velocity o. 


_ Equations (4) then reduce to the fol- 
lowing : 


(5) ¢ My =—Ie- wo 
M, = 0. 


Supposing on the other hand that we 
have : 


On = W; = 0 


and 


Oy =o = constant 


in other words, supposing that the axis 
02 moves in the plane xz by turning 
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axis O& (relative motion), we should 
take M’,, M’,, M’: as the sum of the mo- 
ments of the applied forces and of the 
inertia forces due to the relative motion. 
These are of two orders : the inertia 
force corresponding to the acceleration of 
relative motion, and the inertia force cor- 
responding to the centrifugal accelera- 
tion determined by Coriolis. By intro- 
ducing the values of this inertia force in 
the equations (3), we obtain : 


eye + (il = I.) Wa; == M, + wal» 


(Ly — Ix) oyoe = Mz — wal, 


about point O (or about the co-ordi- 
nate y) with a constant velocity w. Then 
the equations (4) reduce to the following : 


M, = 0 
(6) « My =0 
M, =I," w <a. 


Equations (5) and (6) are the formule 
given by Foucault, who first investigat- 
ed this problem. The interpretation of 
equations (5) is as follows: if, to a 
cylinder turning about the axis Ox with 
a positive angular velocity ~, is applied 
an external couple defined by : 


Me = 
My = —p 
M, =0 


the axis of the cylinder turns in the 
plane vy with an angular velocity 
given by: . 


Conversely, if a cylinder turning about 
the axis Oz with a positive angular velo- 


oe ee tot! r Pe ee 
>i a in ll eg se iene . 
¢ b a ¥ ; * 
: ioe sod es 
; - 
“SIE - 
¢ Fa 


city #, is constrained to turn with its 
axis OZ in the plane ay around the 
point O, with a positive angular velo- 


city ©, it must be acted upon by a 
couple given by : 
Mz = 0 
My = p. 
Mz = © 
or 
p= — Ie 


The meaning of equations (6) is si- 
milar : the cylinder is acted upon by a 
positive couple in the plane ay, the 
axis O2 turns around O (or the co-or- 


dinate y) remaining in the plane xz in 
If the eylinder is 


a positive direction. 


position A’B’ by a negative rotation 
about z, a negative transitional movement 
about y and a negative translational 
movement about a. 

The translational movements have no 


Fig. 


made to turn in the plane xz in a posi- — 
tive direction, it is acted upon by a posi- — 
tive couple acting in the plane zy. The — 
results obtained are the same as those — 
which would be obtained by considering, 
instead of a cylinder, a solid of revolu- — 
tion around axis 02, One can easily 
verify how the equations (5) explain the 
behaviour of a top. 


III. — Gyroscopic action 
with passing round a curve. 


Consider now a pair of wheels and 
axles passing round a curve of radius R. 
At any given instant, let us refer the 
motion to the axes Oz, Oy, Oz (fig. 2). 
The axle passes from position AB to 


ea 


effect on, the gyroscopic action which we 
are here considering. We can therefore — 
omit oh consideration of the transla 


The value of this angular velocity is 
obviously given by : 


ec ae Oe 


where V is the speed, in metres per 
second, at which the axle is travelling 
along the line, and R the radius of the 
curve, in metres. The axle is therefore 
turning around its own axis with posi- 
tive angular velocity given by : 

V 
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where r is the radius of the wheel. 


Substituting these values in equa- 
tion (5), it becomes : 


V V yF 
My= lex -[-g)= leg © 


which is equivalent to saying that a posi- 
tive gyroscopic movement is set up in the 
plane xz. 


If we denote by p the weight of the 
axle, we can write : 


where g is the acceleration due to gravity 
and p is the radius of gyration of the 
axle; by substituting these in (7), we 
have : 
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M, ; ; (8) 
If we consider the case of a steam loco- 
motive with n axles whose weight is p,, 
P» -» Pn, and of which the radius of the 
wheels is r,, 7, ... T, and the radii of gyra- 
tion are p,, p2-+- on, we find that the 
total gyroscopic moment in a_ vertical 
_ plane is given by : 


mind 11 


Let H be the normal distance of the 
centre of gravity of the locomotive above 
the rails. 


We can represent the moment M by 
two parallel forces, one of which is 
applied at the centre of gravity parallel 
to the plane of the track, and the other 
at the rim of the wheel in the plane of 
the track. : 

Each of these forces has the value : 


4 . 
Ti 2 

If, instead of a steam locomotive we 
consider the case of an electric locomo- 
tive with m motors having weights p’,, 
ps . pP'm, and radii of gyration 01, 
og... om, and designate by K the ratio 
between the angular velocity of the mo- 
tors and the wheels, equations (9), (10) 
become : 
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The + sign is used if the motors turn 
in the same direction as the wheels, and 
the — sign if they turn in the opposite 
direction. 


IV. — Gyroscopic moment due to a 
transition curve, the. superelevation 
of the outer rail increasing gradually. 


Consider now a pair of wheels and 
axle running round a transition curve, 
the inside rail of which is inclined down- 


; iid 
wards at a gradient of — 5 and the out- 
side rail inclined upwards at a gradient 

aa Stag ), ; 
of +3) the inclination of the outer rail 


relative to the inner rail being there- 
fore i. 
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The axle moves (fig. 8) from the posi- 
tion AB to the position A’B’ by a nega- 
tive rotation around the co-ordinate z, a 
negative translational movement along 


Fig. 3. 


The first rotation sets up a gyroscopic 
couple given by formula (8), which is 
a variable dependent upon the variation 
of the radius R of the curve; the two 
translational movements produce no 
gyroscopic effect; the negative rotation 
around the co-ordinate. y produces, in 
accordance with formula (6), a couple in 
the plane ry, producing a negative mo- 
ment and given by : 


Me Tae wma 


The angular velocity « is again given 
by : 


The angular velocity » is given by the 
velocity in a vertical plane of the point A 
divided by the distance of A from the 
origin O. The vertical velocity of A is: 


W=V- 


Lo] s. 


The distance A to O is given by: . 


AQ = 


roi & 


the co-ordinate y, and a negative trans- 
lational movement along the co-ordi- 
nate x and a negative rotation around — 
the co-ordinate y. 


s being the gauge of the wheels. We 
have therefore : 
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GO) Sara 
y 
and finally 
ae 
Mes cers (14) 
Gar ess 


where p, g, and 9 represent the same fac- 
tors as in the equations given above. If 
a steam locomotive is carried on 7 axles, 
of weights p, ... Px, radii of gyration 
Pi+-- on, the wheels having radii 7, ..7 n, 
we have : 


(12) 


In the case of an electric locomotive — 
with the assumptions given above, we 
have : 

i-V? 
are 
To determine whether + or — signs 


are to be used, the following rule may 
be applied. . 
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If the n axles are all fixed, as regards 
the frame of a locomotive, and the rigid 
-- wheel base is J, the moments M. and M’, 
are represented (fig. 4) by two parallel 


Fig. 4. 


forces UW and —W’, one being applied 
at Bn and the other at A,, the directions 
being such as will cause the inside wheel 
of the leading axle to bear against the 
inside rail and the outside wheel of the 
trailing axle to bear against the outside 
rail. 


The intensity of these forces is given 
by : 


oF @ ~5 oy *s' 


If the locomotive is provided with 
bogies or radial trucks, one should apply 
the ahove formule to each group of rigid 
axles, and take into account the centre 
pins through which they transmit forces 
analogous to '. 


Radii of the coupled wheels. . . 


Radii of the leading bogie 


Radii of the trailing axle wheel . 


V. — Superelevation of the outside 
rail. 


The ratio between the force 9 in the 
formula (10) arising from the gyroscopic 
moment in the plane ay, and the centri- 
fugal force is given by: 


{ 
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for a steam locomotive, and by 
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(14) 
for an electric locomotive. 


Let us apply formula (14) to a locomo- 
tive of the 4-6-2 Pacific type having the 
following characteristics : 


Total weight (P)= 93 000 kgr.(205 030 Ib.). 


Weights of wheels and axles : 


Leading bogie. . 3000 kgr. ( 6 610 lb.) 


Three coupled 
F091 eae eee 


Trailing axle... 


13.800 kgr. (29 760 Ib.) 
2.500 kgr. ( 5510 Ib.) 


Total. . . 19 000 kgr, (41 880 lb.) 
(ry)-= 1m. (3 ft. 3°3/8 in.). 

(rz) = 0m. 48 (4 ft. 6 7/8 in.). 

(r3)= Om. 68 (2 ft 2 3/4 in.). 
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“In the case of the above mentioned 
~ steam locomotive, it will be found that: 


Mae TH kgm, (19819 foot-pounds). 


ng that the superelevation of 
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“When the locomotive is running ata 
maximum speed V,, it is no longer acted 
upon (fig. 6) by the force P, normally 


to the plane of the track, but by the 
force P, which meets the plane of the 
track at a point A, which is the point 
furthest distant from the axis M, which 
may be allowed from the point of view 
of the stability of the vehicle. 

By combining the foree P, with the 
moment M, we obtain a system equivalent 
to a force P’, parallel to P, and a dis- 
tance from the latter 2. The force P’, 
meets the plane of the track at a point A’, 
the distance of which from the point M 
exceeds the maximum distance A by the 
distance AA’ which is a little greater 


than 2. In this case, if 9 is only a tew 
centimetres in length, the effect becomes 
sufficiently important to reduce the sta- 
bility of the vehicle, and it the point A 
is taken in its limiting position, the effect 
destroys the stability of the vehicle. 

It will be seen therefore that it is ne- 
cessary to take into account the gyros- 
copic action in determining the superele- 
vation of the outside rail in cases where 
the curves are to be traversed by trains 
running at very high speeds. 


Let us give to the plane of the track 
an inclination such that with the resul- 
tant of the forces parallel to the plane 
of the track it shall balance, not only 
the centrifugal force, but also the force ¢ 


or ol given by formulse (10) and ( 10’) : 
we shall then have : 
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for lines worked by steam locomotives, 
and : 


(ah el yee gala 
ety R gl R ay Say j 
for lines worked by electric locomotives. 
Therefore : 
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where </ is given by formula (14') for 
lines worked by electric locomotives. 


As we have already seen above, the 
value of 6 ranges for high speeds from 
1.05 to 1.16. 

The superelevation thus given is equi- 
valent to a force P, applied at the point A 
and a force —g@ situated in the plane of 
the track. 

For all the speeds for which the line 
of action for the force P, is included in 
the angle NGA (fig. 7), the presence of 
the foree —g is favourable to stability 


in that it opposes the transverse move- 
ment of the locomotive. For speeds at 
which ‘the direction of the force P, is in- 
cluded in the angle NGB, the presence of 
the force —¢ assists the resultant of the 
force P, along the plane of the track to 
cause a transverse movement of the loco- 
motive. 


To summarise, an increase in the su- 
perelevation up to an amount sufficient 
to balance not only the centrifugal force 
corresponding to the speed V given by 
formula (2), but also the force 9, is 
necessary to guarantee stability against 
rotation about the outer rail; it decreases 
the tendency to move sideways at high 
speeds, but increases the tendency to 
move sideways at low speeds. 


The conclusion is therefore that one 
should calculate the superelevation of 
the outer rail by means of formula (15), 
taking into account the values (16) and 
(16’) of the gyroscopic coefficient (. 


VI. — Maximum inclination of the outer 
rail on transition curves from the 
point of view of gyroscopic action. 


As we have already said, the force 
given by formula (13) and (43/) is a 
horizontal force applied at the inside 
wheel (of the curve) of the leading axle 
and acting towards the centre of the 
curve, anda force —, also in a hori- 
zontal direction applied to the outside 
wheel of the trailing axle. The moment 
of these forces tends to turn the locomo- 
tive about the axis z in a negative direc- 
tion, and consequently causes the tyres 
to slip sideways upon the rails. 


To these forces are opposed the fric- 
tion between the tyres and rails. The 
above mentioned lateral slipping will be 
prevented if the following conditions are 
satisfied : 


bio VO oa Die 
Dpl.b, > ee ey 
{2X p'.6n ae eS (17) 
for steam locomotives, and 
S el ied be es DnP?n n 1 Pmp*n Bee 
5) by a N fy 
"p> p' non 2 = 8. $ Pn KY Tm (17') 


for electric locomotives. 
In these expressions : 


f = coefficient of friction between 
wheel and rail, 

p'n = total weight of the axle and its 
load, 

dn= distance of the n™ axle to the 
vertical axis through the centre of gra- 
vity. From (17) and (17/) we may de- 
duce the maximum value of 7: 


Roarcen ts, 
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For the steam and electric locomotives 
considered above, for speeds of 200 km. 
“(124.3 miles) an hour, it will be found 
that : 


i < 44 thousandths; 
i’ < 29 thousandths. 


The value of M, for the steam and elec- 
tric locomotives, supposing the inclina- 
tion of the outer rail is 20 thousandths, 
1S: 


M. = 36 120kgm. (261 264 foot-pounds); 
M’. = 54 800 kgm. (+96 3876 foot-pounds). 


In practice, it is customary to give the 
outer rail of a transition eurve an incli- 
nation of 2 to 3 thousandths, that is, a 
tenth of the limiting inclination. 


For an inclination of 2 thousandths, 


the values of the gyroscopic moment are 
as follows : 


M, = 3 612 kgm. (26 126.1 foot-pounds) ; 
M’. = 5 480kgm. (39 637.6 foot- pounds). 


We may ask whether there is a limit 
of inclination imposed by the conditions 
of stability against derailment but it 
should be noticed that the force / tends 
to force the leading wheels against the 
inside rail, that is to say, to the side 
opposite to that against which a derail- 
ment may occur. Any further investiga- 
tion is therefore unnecessary. 

In the case where the rotors of electric 
motors turn in the opposite direction to 
the wheels, they produce a positive mo- 
ment, that is to say, they tend to force 
the leading wheels against the outside 
rail, but the value of this moment is as 
a rule exceeded by the negative moment 
due to the rotation of the wheels. 
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Initial causes of rail breakages, and methods employed 
to reduce the number, 


By L. SISTEK, 


~ HEADQUARTERS INSPECTOR OF THE CZECHO-SLOVAKIAN STATE RAILWAYS, 


Figs. 1 to 8, pp. 503 and 505. 


I. — Initial causes of breakages. 


a) Piping is causea by the reduction 
in the volume of the liquid steel when 
passing into the solid state. The surfaces 
of the piping do not weld up. Traces of 
this are always found in rolled sections 
if insufficient discard has been cut from 
~the head of the ingot. Figure 1 shows 
a fish-plate bolt divided symmetric- 
ally by piping. In the case of rails the 
position of the piping is not always re- 
gular. In figure 2 it is, it will be seen, 
along the vertical axis of-the rail; this 
defect was not visible at the ends of the 
rail, but only at the middle potion of 
the rail head which had spread 5 cm. 

(2 inches). 

Dissymmetrical piping ‘at the end of 
the rail in the portion held in the fish- 
plate (fig. 3) had been present in the 
centre of the head and spread towards the 
upper surface on one side and the web of 
the rail on the other, where it separates 
the portion between the bolt holes. New 
cracks developed from the piping to the 
surfaces of the web of the rail and re- 
duced its strength. 

The horizontal piping ‘fig. 4) divides 
the head of the rail into two portions; 
in many cases the head of the rail is 
totally separated from the web. 


These are the most frequent types of 
piping which in every case produce long- 
tudinal fractures; 


b) Blow holes : liquid steel contains a 
considerable amount of gas : at the mo- 
ment of solidification the gas is liberated 
and forms small cavities or blow holes in 
the metal. Attempts are made to prevent 
the liberation of gas during the solidifi- 
cation by the addition of suitable deoxi- 
disers. If the interior surfaces of the 
blow holes are clean, they weld up under 
the pressure of the rollers and no trace 
is found after rolling. If this is not the 
case, small: portions’ flake off from the 
upper surface of the head of. the rail; 


c) Impurities (inclusions of slag) : 
their concentration is known as segrega- 
tion. There are metallic impurities 
(phosphates, silicates and sulphates. of 
iron) and non-metallic impurities -(oxides 
of Fe, Si, Mn and silicates of Fe, Mn). 
These are always found to a greater or 
less extent in steel produced by an oxidi- 
sation process; 


d) Reduction of the section by exces-_ 
sive wear; 5 


e) Radiiction of the section ia corro- 
sion in tunnels, at level crossings and at 
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stations, ete. The rate at which corro- 
sion takes place depends upon the quan- 
tity of impurities. 


Il. — Supposed causes of breakages. 


a) Hardening of the upper surface : 
il has been found that a considerable pro- 
portion of the breakages take place as 
a result of surface defects which are 
produced by hardening due to slipping. 
These superficial defects are visible with- 
out any special treatment of the upper 
surface of the rail in the case of rails 
near to signals protecting stations where 
severe brake applications are made. 
However, during 29 years experience on 
railways, I have never found that these 
cracks extend from the outer surface into 
the interior; on the contrary, when it 
has been necessary to replace these rails 
it has been found, by cutting them, that 
there are initial cracks in the centre of 
the rail head which are due to piping 
(figs. 5 and 6); 


5b) Lamination : one often finds rails, 
especially in stations, which are badly 
laminated, but although these look very 
unsatisfactory, they do not break. La- 
mination is not a cause of rail breakages; 


c) Influence of frost : good rails do not 
break either in winter or in summer; as, 
however, more breakages occur in winter, 
it is necessary by tests-to ascertain wheth- 
er defective metal is more brittle during 
this season. One might conduct compa- 
rative tests on test pieces 8 x 10 mm. 
(5/16 in. X 3/8 in.) taken from the same 
rail at temperatures, for example of 15°, 
zero, —10’, —20° (59° F.° 32° F., 44 F., 
—4° F.) in accordance with the « New 
methods of testing rails ». The desired 
temperature might be artificially ob- 
tained. 


Ill. — Methods of reducing 
the number of breakages. 


In our opinion the only \precautions 
that can be taken lie in the method of 
manufacture and im the specifications. 

The most dangerous fractures, which — 
sometimes cause the rail-to break into a 
number of pieces, are due to impurities 
in the metal. These may be detected by 
etching, but this test, although very ef- 
fective, gives us no information as regards 
the brittleness of the metal. M. Fré- 
mont has found that rails of a very he- 
terogeneous structure are not always 
brittle, although their strength is con- 
siderably reduced by segregation. 

As a rule for this test the rails are cut 
transversely. To determine whether the 


impurities extend regularly in a longitu- 


dinal direction, we cut a rail which had 
broken in service along its axis, and 
found that in the upper layers the im- 
purities were distributed in a regular 
manner, whereas those in the centre of 
its section were irregular and in patches. 
In practice, transverse fractures are often 
very irregular (fig. 7). 

Figure 8 shows an irregular fracture of 
this kind : the bright portions of the frac- 
fure containing light green impurities, 
which, when attacked by hydrochloric 
acid, produce a smell of sulphurated hy- 
drogen, being’ no doubt an agglomera- 
tion of iron and sulphide. 

All experienced engineers are fully. 
aware that with small ingots which cool 
down rapidly less piping occurs than 
with large ingots; moreover, the quicker 
the steel solidifies the less segregation 
there is. Mr, Wickhorst has studied the 
influence of the size of ingots on segre- 
gation, and the results of his researches 
confirm this opinion. However, one can 
hardly hope that the steel works will ext- 


eventual Re 


(Same rail as figure 5.) 


¥ i z 2 eas 506 rit 


end the use of small ingots for the ma- 
hufacture of rails without increasing the 


cost. It is therefore necessary to look for 


other remedies. 

The prevention of piping by compres- 
sing the ingots in Harmet or Whitworth 
presses during the solidification of the 
metal is very costly and. of no value in 
the case of the material in question. 

In America, in 19142, 5.000 t. of rails 
were rolled from electric furnaces; none 
of these rails has broken after a year 
of service, while rails made by other 
processes have given rise to a number of 
breakages in the same period. The fi- 
nancial situation in Europe does not allow 
us to follow the American exemple in 
view of the increase in the cost of man- 
ufacture. According to Dr. Rosenhain, 
the non-metallic enclosures are due to 
fluid or -semi-fluid, non-metallic sub- 
stances formed by contact with the steel 
or expelled from the steel during the 
operation of melting or pouring, and are 
included in the steel which has solidified 


under the conditions laid down will not 


before they were able to separate out. If 
the solidification had taken longer and 
other conditions had been favourable, 
they would have been expelled from the 
steel. There are economical methods of 
manufacture which allow the steel to re- 
main in a liquid state in the upper part 
of the ingot sufficiently long to allow — 
this to be fed in such a way as to almost 
completely avoid piping and to localise 
the segregation in the head of the runner, 
The least costly methods are the use of — 
a sink head and of heating the head (Had- 
field’s process). 


Conclusion. 


To avoid rail breakages, one may im- 
prove the metal in the ingots by relatively — 
inexpensive methods, 7. e., by localising — 
ihe piping in the head by keeping this — 
heated. The best specifications are not 
sufficient to guarantee that rails made 


break sooner or later. 
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ROADBED., 


; Drainage. 
General. 


670. Thorough drainage of the road- 
bed is absolutely necessary before good 
track can be secured or maintained, and 
this matter must be given careful detail- 
ed consideration at all points. 


Surface drainage. 


675. Ditches must be kept open at all 
times so as to divert the water from the 
roadbed quickly. Ditches must be dug 
out thoroughly and restored to full size 
in the spring and lJate fall. Side ditches 
must be dug uniformly and parallel with 
the track, and conform to the standard 
roadbed sections. 

676. Intercepting ditches must be con- 
structed along the top of the bank for 
the protection of cuts, where the drain- 
age area would be likely to collect suffi- 
cient water during theavy rains, from the 
higher ground adjacent, to wash the 
slopes, 

677. The end of a ditch must be di- 
verted from the track, so that the scour- 
ing action of the water will not weaken 
or wash away the roadbed. 

678. Waterways leading to and from 
bridges and culverts must be kept clean 
within the limits of railroad property. 
Culverts must be kept open for the free 
anid unobstructed passage of water at all 
times. 


vVI-2 


CONDUCT OF WORK. 


(From the Bulletin of the American Railway Engineering Association.) 


A number of regulations in connection with work on the track, accepted by the 
American Railway Engineering Association, is given below for information. 


679. In regions of heavy snows, ditches 
must be cut through the snow, wherever 
a sudden thaw would be likely to flood 
the track, and all ditches must be clean- 
ed when the snow is melting in the 


spring. 

680. Cross-drains must be put in at 
proper intervals, where directed by 
HSC Prevee po) Co. eae Ee Mara Roe ee 


Underground drainage. 


685. In wet or narrow cuts, where 
side ditches cannot be effectively main- 
tained, sub-drains must be provided, as 
Ce cied Diy shite eapersenaw Reet re caaisccc, . + 3'=%s 
who will determine the size and cha- 
racter of drains to be used. Such drains 
must be laid to a true grade and in con- 
formity with standard plans. 


CARE OF ROADWAY. 
General, 


690. The cross-section of the roadway 
must conform to the standard plans. No 
deviation from the sections shown shall 
be made without proper authority. 

691. Growth of vegetation on the 
slopes of cuts and embankments shall be 
encouraged to prevent erosion. 


TRACK, 
Ties. 
(Storage of) 


695. Ties stored along the right-of- 
way must be stacked to conform to the 


5 


standard plans, according to class, shape 
and location. Stacks must be placed on 
ground bare of débris or vegetation for 
at least two feet around each stack and 
clear of vegetation over six inches high 
within ten feet of any stack, and suffi- 
ciently well drained so that water will 
not stand under the stacks or in the im- 
mediate vicinity. Decaying wood deé- 
bris must be entirely removed. 


Renewals (Inspection for) 


700. The ties in track must be inspect- 
ed at stated times each year and those 
which will not last until the next inspec- 
tion marked for renewal. This inspec- 
tion shall be made preferably by the su- 
pervisor personally, accompanied by the 
section foreman. The supervisor must 
report to the division engineer on the 
proper form, the number of ties marked 
for renewal on each mile and each sec- 
tion. This report shall be carefully 
checked by the division engineer and 
where any unusual or unfavorable con- 
dition is indicated, a thorough investiga- 
tion shall be made to insure proper re- 
newals. 


Renewals (Method of) 
705. The renewal of ties shall be 


started when directed by the division - 


engineer. All defective ties removed 
from track each day must be placed for 
burning or loading on cars. The super- 
visor must frequently inspect ties remov- 
ed from track to see if any have been re- 
moved which might have remained in 
the track with safety until the next ins- 
pection. J 

706. Ties must be spaced according 
to the standard plan. All ties shall be 
placed square to the line of rails. The 
outside ends on double tracks, and the 
ends on one side throughout on single 
track, must be lined: parallel with the 
rail. 

707. Ties must be laid so as to obtain 
the best bearing. Untreated ties must be 
placed in track with the wide surface 


having the most heartwood down; treat- 

ed ‘ties must be placed in track with 

wide surface nearest the pith down, or 

if the pith is not present in the tie, with | 
the widest surface down. Ties shall be 

adzed only when necessary to obtain a 

full bearing under trail or plate. 

708. Ties must be moved with tongs 
so as to reduce the damage incident to: 
handling; picks, mauls, sledges and spik- 
ing hammers must not be used in moving 
ties or placing them in position beneath 
the rail. 


Use of tie plugs. 


710. . Whenever spikes are drawn from 


‘ties, creosoted tie plugs: must be driven: 


into all holes except in ties which are 
to be renewed that season. In replacing 
spikes, they must be driven into the 
plugs. 


Records. 


715. Accurate records of tie renewals. 
and all data of value in connection there- 
with must be kept on prescribed forms. 


RAIL. 
Renewals. 


720. The most expensive and the most. 
easily damaged part of the track struc- 
ture is the rail, therefore care must be 
exercised in unloading and ‘handling. 
In unloading from cars, rail must be 
skidded or otherwise carefully lowered 
to prevent injury. Where it is necessary: 
to drop it, both ends must be dropped at 
the same time, and the greatest care 
taken to avoid its falling on hard or un- 
even surfaces. Rail received in gondola 
cars should be unloaded with an ap- 
proved device to prevent injury. 

721. Rail must be distributed, as far 
as practicable, where it can be laid with 
the least amount of handling, Unless rail 
is to be Jaid at once, it must not be distri- 
buted through yards and station grounds. 
where trainmen and others are liable to- 
stumble over it. 


722. Rail laying may be done in the 
winter months, or at such seasons of the 
year, depending on tthe climate, unfavo- 
rable for doing other track work. 


Over 100° rail to be laid close. 


Care must be taken that the openings 
between rails be ‘not more than above 
limits, as too much expansion in the 
joints will cause more rapid injury to the 
rail than any other error or defect in the 
method of laying, especially under heavy 
traffic. 

724, Care must be exercised by those 
in charge of rail laying gangs to see that 
adzing is carefully done and rail left in 
proper line, gage and surface.. Shims 
must be used if the track is frozen and 
ties cannot be lifted to eliminate low 
spots. Tie plates and anti-creepers must 
be placed the same day rail is laid. It is 
especially important to prevent creeping 
of rail by applying a sufficient number 
of anti-creepers at once, as rail creeping 


- ing some joints wide and others close, 
_ resulting in battered joints, and in hot 
_ weather danger from buckling of the 
_ track where joints are tight. 

_ 725. Rail shall not be curved before 
laying except for curves above ... degree. 
726. Kinked or crooked rail must be 
straightened before being laid; if surface 
bent, it must either be straightened or 
removed. 

727. In making temporary connec- 
| tions in main! tracks, an old rail must be 
cut and’ fastened to the new rail, using 
compromise joints when necessary, 

_ 728. When replacing rail of approxi- 
_mately the same width of base, so that 
the tie plates need not ‘be changed, but 
‘two lines of spikes are to be drawn. 
‘When a different tie plate is required, all 


- changes the expansion in the joints, mak-. 
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723. Where practicable, rail must be’ 
laid one at a time. Standard expansion 
shims must be used. The openings be- 


. tween rails shall be as follows : 


33-ft. rail. 39-ft. rail. 45-ft. rail. 
— 20° to 0°. 5/46 inch. , 3/8 inch. 7/16 inch. 
0° to 25°. 4/4 inch. 9/32 inch. 41/32 inch. 
25° to 50°. 3/46 inch. 7/32 inch. 4/4 inch. 
50° to 75°. 4/8 inch. 4/8 inch. 5/32 inch. 
75° to 100°. 1/16 inch. 1/16 inch. 1/16 inch. 


spikes must be drawn. Where no tie 
plate is required, all spikes must be 
drawn. Where no tie plates are in use 
but three lines of spikes need be drawn 
for any change in the width of base of 
rail. 

729. Spikes shall be driven vertically 
with face in contact with the base of rail. 
They must not .be straightened while 
being driven. Rail must be full spiked, 
and the spikes staggered so that outside 
spikes will be on the same side of tie, 
and inside spikes on opposite side. 
Where shoulder tie plates are used, a 
third spike may be driven. on inside of 
rail, with back of spike against base of 
rail. Good second-hand spikes must be 
used for the third spike. 

730. Joint bars must be securely fas- 
tened with the full number of bolts. At 
permanent connections of rail of differ- 
ent sections, compromise joints must be 
used. 

731. For the preservation of the rail, 
and to.secure the proper bearing for 
carrying tthe loads, and distributing the 
weight of the rolling stock uniformly 
over the rail and to the roadbed, the ties 
must be spaced uniformly. Twenty (20) 
ties to a thirty-three (33) foot rail and 
eighteen’ (18) tties to a thirty (30) foot 
rail shall be used. 


Bonding. 


735. Where track circuits are used for 
operation of signals or other purposes, 
bonding of rail is necessary. This feat- 
ure must receive proper consideration 
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and the work be carefully and efficiently. 


performed. Where air, electricity or 
other power is available, any mechanical 
arrangement which will operate drilling 
machines successfully is preferable. 


Replacement (Inspection of railin track). 


740. 
and all data of value in connection there- 
with must be kept on prescribed forms. 
These records must be kept up to date. 
Every change, whether of individual 
rails,-or many rails, being recorded im- 

mediately. 

741, Track walkers must be properly 
instructed to look for broken or defec- 
tive rails, and report same, when disco- 
vered, to the section foreman, taking 
proper precaution’ to protect traffic, if 
necessary, on account of the condition 
of the rail found. 

742. Where rail failures become nu- 
merous, especially if transverse fissures 
develop, a special rail inspection may be 
arranged. This can be facilitated by the 
use of a mirror attached to a short wire 
handle for examining the inside and un- 
derside of the head of the rail. A good 
magnifying glass with which minute de- 
fects or hhair line cracks can ‘be inspect- 
ed, is ‘desirable. 


Broken rails. 


745. A broken rail found in the main 
track must be protected immediately. by 
a flagman and no trains allowed to pass 
over it until it is determined that the rail 
is in such condition as will permit the 
safe passage of trains. If it is decided 
trains may pass over tthe rail safely, all 
trains must be stopped before reaching 
the break, and then allowed to proceed 
at slow speed. Ifa suitable rail is avail- 
able, the broken rail must be replaced 
immediately; otherwise, if practicable, 
the broken ends of the rail must be con- 
nected by joint bars, the rail drilled and 
the joint ‘bars full bolted, after which 
the resumption of traffic may be per- 
mitted. 


Accurate records of rail renewals. 


JOINT BARS. 


750. Joints must be kept well oiled, 
‘both as a preservative from rust and to 
facilitate expansion and contraction of 
the rail. j 
' 751. Insulated joints must be installed 
only on rails conforming to the section 
for which they are designed. Care must 
be taken, when installing such joints, to 
properly place the insulation, and not to 
damage the fiber or bushings. Ties un- 
der and adjacent to insulated joints must — 
be kept well tamped. ; 

752. Before applying an insulated 
joint, all scale, dirt and other foreign 
matter must ‘be removed from the rail 
end and joints parts. Clean smooth bear- 
ing surfaces are necessary to obtain good ~ 
fit and durability. All burrs, lips and 
rough edges, which might cut into the 
insulation must be removed from the 
rail ends, by cutting or filing them off 
before the joint is applied. 


Track bolts. 


755. As large track bolts must be used 
as the ‘holes in rail and joint bars will 
permit. 

756. Track bolts must be kept tight 


and well oiled. 

757. Track bolts must be gone over 
and re-tightened after new rail has been ~ 
laid, as soon as traffic has worn the mill 
scale and rust off the joint bars and 
settled the bars into place. 

758. Proper wrenches for tightening 
track bolts shall be furnished and must 
be used without modification. Care 
must be exercised in tightening bolts to 
avoid twisting the bolt or stripping the 
thread. ; 


SPRING WASHERS. 


760. Spring washers must ibe used on 
all track bolts. 


TRACK SPIKES. 


765. . Spikes must ‘be driven until the | 
heads are in contact with base of rail, 


but not even too far, thereby bending 
2. the neck and causing the head to crack 
or break off. 

766. Badly ‘bent, crooked, or neck-cut 
¥ Eepikes must not be used, especially in 
main track. Good spikes, which are 
bent, must be straightened before being 
used. - 


ANTI-CREEPERS. 


_ 770. <Anti-creepers must be applied 
_ where directed by the 
_ The number of anti-creepers per rail will 
~ depend upon the physical characteristics 
of the track and amount and eBaracter 
me Of traffic. 

771. in the application of anti-creep- 
ers care must be exercised to use pro- 
per tools, properly apply the anti-creep- 
ers, and not damage any of the parts. 
The use of spikemauls or heavy hammers 
is prohibited. 


Ce 


TIE PLATES. 


775. Tie plates must be used where 
directed by the 
776. When applying tie plates care 

_ must be exercised to see that the plates 
_ have a full, even bearing on the ties, that 
_ the track is in correct gage before they 

_ are spiked to the tie, and that ithe should- 
_er of the plate rests against the base of 
rail for the full width of the plate. The 
shoulder of the plate must not be under 
_ the base of rail. 
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BALLAST. 


- Cross-section. 


780. The cross-section of the ballast 
‘must conform to the standard plans, 


Unloading. 

785. When unloading ballast, care 
must be exercised to secure proper dis- 
position and avoid waste. If special 


ballast cars are not available, hopper 
bottom cars must be used. 


Ballasting. 


790. Track must be kept in good line 
and surface while ballasting. The ballast 
program should be so arranged, and the 
supply so regulated, as to leave the least 
possible open track when the season 
closes. During the progress of ballast- 
ing, open track must be watched care- 
fully and protected with the prescribed 
slow signals, if necessary. 

791. Where directed by the division 


. engineer, preparatory to the distribution 


of new ballast, all old ballast and un- 
suitable material must be removed to the - 
bottom of the ties, for the full width of 
the roadbed, the old ballast cleaned, and 
the unsuitable material used for widen- 
ing embankments or for other purposes. 
At the same time, all ties requiring re- 
newal must be replaced and the ties pro- 
perly spaced, if necessary. 

792. When old ballast has been tho- 
roughly cleaned, sufficient new ballast 
should be unloaded to make the first 
raise, which is usually made by shovel 
tamping the ties. When ballasting or 
surfacing track out of face, both rails 
must be raised together. 

793. .Section foremen must provide 
proper protection by slow order, caution 
signs, or flag, or all of these, if necessary, 
when raising track, and must, except in 
emergency, raise against the current of 
traffic, where there is more than one 
track. A long easy runoff must always 
be prepared ahead of fast passenger 


“trains. 


794. In gravel or broken stone ballast, 
the ties must be tamped from fifteen 
inches inside the rail out to the ends, If 
possible, the end of the tie outside of the 
rail must be tamped ‘first and a train 
allowed to pass over before tamping on 
the inside of rail. The space under the 
rail must be tamped well. The center 
of the tie must not be tamped. 

795. Where track is electrically bond- 
ed, the ballast must be kept at least one 
inch below base of rail. At road cross- 
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ings, platforms, etc., where this is not 
practicable, rails may be insulated by 
painting them with an asphaltum or tar 
product, and good, clean stone mixed 
with the same material may be used for 
at least one foot each side of rails. 

796. The following tools shall be used. 
For broken stone or furnace slag \ballast: 
Shovel, tamping pick and stone fork. 
For gravel, chats, chert or cinder ballast: 
Shovel, tamping pick or tamping bar. 


LINING AND SURFACING, 


811. As early in the spring as the 
weather and track conditions will per- 
mit, the entire section must be gone over 
and smoothed up. At this time special 
attention must be given to ‘those portions 
of the section on which no tie renewals 
or ballasting is expected to be done dur- 
ing the season, and this track put in 
100 % condition. Where tie renewals 
are to be made or ballasting is to be 
done, no unnecessary work shall be 
done, the aim being to keep these por- 
tions of- the section sufficiently smooth 
for safe and comfortable riding, until the 
work of renewing ties or ballasting can 
be accomplished. 

812. Where the track shows evidence 
of being badly out of line on curves and 
there is opportunity to do so, line stakes 
shall be set by engineers. [Section fo- 
remen, assisted, if necessary, by the su- 
pervisor, can line the track very accura- 
tely and secure practically perfect riding 
curves by the use of a string sixty-two 
feet long, holding the ends against the 
gage side of the high rail and measuring 
the distance from the middle of the 
string to the gage of rail, each inch of 
distance representing one degree - of 
curve. | 

814. When raising or surfacing track, 
foremen must not trust to their eyesight 
alone, but must use the track level boards 
and sighting boards. Track level boards 
must be tested frequently. 


815. When not surfacing out of face, 
as in case of picking up joints or other 
low places, the general level of the track 
must not be disturbed: 


Shimming. 


820. Wooden shims placed under the 
rails must be used to maintain the pro- 
per surface of the track, when the sur- 
face is disturbed by the action of frost, 
or when other conditions make tamping 
impracticable. 

821. When shimming, the track level 
and track gage must always be used. 

822. Shimming must be done on top 
of the tie.. No shimming shall be done 
under the tie, except in emergency and 
shims so placed must be iremoved as soon 
as. possible. ' 

823. Shims must be the same thick- 
ness throughout, and not wedge shaped; 
they must have an even bearing on the 
tie. 

824. Where shims are.used the rails 
must tbe securely braced ‘to prevent 
spreading. [Tie plates with one end 
placed against the outside under the, 
head of the rail, and the other end spiked 
to the tie may be used when other braces 
are not available. ] 

825. Section foremen must watch 
track which has been shimmed, testing 
frequently with the gage and level board 
to make sure that shims are in place and 
tight and that track does not get out of 
gage or surface. 

826. Wihen the frost is leaving the 


_track, shims must be changed frequently, 


replacing thick shims with thinner, until 
the necessity for shims has passed. As 
soon as the frost is entirely out of the 
track, all shims must be removed and the 
track surfaced, if necessary. Care must 
be exercised, however, that track surfac- 
ing is not done before the frost has all 
gone. 


Gaging. 


830. Uniform gage is essential to good 
track and must be maintained. 


- 831. The standard gage is 4 ft. 8 1/2 in. 
Curves of eight degrees and under shall 
be standard gage. 
ed 1/8 inch for each two degrees or frac- 
tion thereof over eight degrees, to a maxi- 
mum of 4 ft. 9 1/4 in. for tracks of stan- 
dard gage. Gage, including widening 
due to wear, must never exceed 4 ft. 
9 1/2 in. 

832. Where frogs occur on the inside 
of curves, the gage at the frog must be 
standard, unless a frog with widened 
flangeway is used. 

833. If the track is allowed to remain 
out of line or out of surface for any 
length of time, bad gage is likely to re- 
sult therefrom, therefore section fore- 
men must always check the gage and 
make any necessary corrections when 
lining and surfacing the track out of 
face. 

_ 834. Track gages must be checked 
frequently with a standard gage to as- 
sure that all gages are correct, This 
shall be done each year in the winter 
months, and ithe gages painted a new 
standard color each time tested. 


Elevation of curves and easements al 
ends of same. 


840. The elevation on curves and the 
easements at the ends of same must be 
in accordance with requirements and ac- 
cording to prescribed standards. 

841. Where the maximum speed al- 

lowed by timetable is higher than the 
‘maximum standard elevation will safely 
permit, the speed must be reduced ac- 
cordingly. Signs shall be placed at the 
beginninig of each curve where the speed 
must ‘be reduced below the maximum al- 
lowed by the timetable. The signs shall 
show in plain figures the maximum per- 
missible speed. 

842. The maximum elevation on any 
curve must not exceed seven and one- 
half inches. Speed is the principal fac- 
tor in elevation on curves, and the de- 
gree is a secondary factor only. Section 


Gage shall be widen- ~ 
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foremen must not vary from the pre- 
scribed elevation without proper author- 
ity. Where there is considerable freight 
traffic and passenger traffic is not so 
important, it is preferable to keep the 
elevation low on the curves, and slow 
down the passenger trains to meet the 
conditions. 

843. Where possible, posts must be 
placed at the side of the track for the 
guidance of section foremen. These 
posts, indicating the elevation in inches 
and fractions thereof, shall be set at the 
beginning of the easement; at the begin- 
ning and end of the regular curve, and 
at the end of the easement or point of 
the tangent.- Posts must also be set at 
the points of compound and at each end 
of easements, between compound curves. 


FROGS AND SWITCHES. 


851. Track must be kept in good line 
and surface through frogs and switches, 
and section foremen must give these 
features special attention. 

852. Switches and frogs must be in- 
spected as directed by the 
to see that they are in proper working 
order, anid that all nuts, bolts and other 
fastenings are in place and properly 
tightened. Any broken or damaged parts 
must be replaced promptly. 

853. Switch points must fit closely 
and accurately to the stock rail, which 
must be bent in accordance with the pre- 
scribed standards. When renewing a - 
switch point, the stock rail must also be 
renewed, if necessary to secure a proper 
fit of the point. In like manner a new 
stock rail should not be used with a 
worn point, in order to prevent danger 
of derailment if the stock rail is higher 
than the switch point. 

854. Frogs must be protected by 
guard rails, constructed and placed in 
accordance with standard plans. The 
tops of the guard rails must be level with 
the main running rails, and must be se- 
curely held in place. 
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855. Guard rails must be so placed stands must be kept tight on the head- 
that the gage distance from the frog point blocks and adjusted to give the switch 
to the flangeway side of the guard rail the proper throw and to keep the points 
will be at least 4 ft. 6 3/4 in., and the tightly against the rails, when the switch 

_ distance between the flangeway sides of is closed, either for the ‘main track or 
the wing rail and guard rail shall not the turnout. 
exceed 4 ft, 5 in. 863. Switch lamps must be kept clean, 
For the widening of gage and ‘Hanae. supplied with oil, properly adjusted, 
a on oe the coe ee fe and firmly placed on the switch stand, 
| SG: mee will not jar out when the switch 
Sa 


“Main track switches, not inter- 
ae must be kept locked at all times 
except when in actual use by trains, or 

when being inspected. Section foremen - 
1 must report immediately main track 
switches found nifloek ed: or with the 
lock ae gee . 


= 870. Switch ice must be used for all 
ict he Permanent turnouts, crossovers and rail- 
-¢ road crossings, and must conform to the 
_ standard specifications. They must be — 
sa See in track in ee Oras with the 
_ standard plans. ; 
871. For temporary work, track ties ; 
may ‘be used, oe them in place of 
switch ties, but switch ties must be used 
ees and for at least three or 
of the ott a ihe frog and ee 


o and ofher vegetation are not per- 
di 2 oe the view of same. 
ROAD CROSSINGS. 


$3 fee 
Y for ae Section foremen will be respon- 
Ce sible for the proper care and mainten- 
ups and must give ance of public and private road cross- 
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881. Road crossings shall be con- 
structed and maintained according to 
standard plans, and must conform _to 
legal requirements. 

882. Road crossing signs, where re- 
quired by law, must be maintained. 
Such signs must be properly placed and 
kept clear of obstructions which would 
interfere with the view of travelers on 
the highway. Where possible, the per- 
mission of adjacent landowners should 
be secured, if necessary, and all brush or 
trees, obscuring the view of approaching 
trains, removed. 


Track tools. 


891. All track ttools are furnished by 
and remain the property of the Company. 
892. Section and other foremen in 
charge of men will be held responsible 
for the proper care and use of tools. 


They must know that they have at_all 
times a sufficient supply, in serviceable 
condition. They must see that tools are 
not lost or broken, and when not in use, 
are not left where they are liable to be 
struck 'by trains or derail trains. 

893. When not in use, all tools must 
be collected and ‘properly protected from 
the weather and from being stolen. 
Where it is not practicable for foremen 
to take all tools to the toolhouse each 
evening, suitable tool boxes, equipped 
with substantial locks, shall be provided, 
and all tools must be placed therein each 
night. 

894. Labor-saving devices and: ap- 
pliances must ‘be used wherever such use 
is economical. 

895. Rail-handling and rail-laying ma- 
chines or locomotive cranes shall be used 
in laying rail, where available. 
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Four of the largest and most powerful 
simple articulated freight locomotives 
thus far constructed by the Baldwin Lo- 
comotive Works, and the largest engines 
in the Northwest territory, have been 
placed in service recently by the Great 
Northern Railway. They are of the 
2-8-8-2 type, designated by the road as 
the class R-1-S., and are intented for ser- 
vice between Cut Bank and Whitefish, 
Montana, 128 miles, where the road 
crosses the Continental Divide. The 
ruling grade approaching the summit at 


Simple Mallet 2-8-8-2 locomotives 
for Great Northern Railway (United States), 


By W. W. BAXTER, 


EDITOR, MECHANICAL DEPARTMENT. 


Figs. 1 to 7, pp. 516 to 523. 


(From the Railway Review.) 


this point, west bound, is 1 %, while east 
bound it is 0.8 %, with a pusher grade 
1.8 % 13.8 miles in length. The elevation 
at the summit is 5 211 feet. The sharpest 
curves on this section of the road are ten 
degrees, although the engines were de- 
signed tto traverse curves as sharp as 20°. 

Since late in 1923 the heavy freight 
traffic on this division has been handled 
principally by locomotives of the Santa 
Fe or 2-10-2 type which were also built 
by Baldwin, These engines develop a 
tractive force of 87100 pounds. Four of 
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them, equipped with boosters and having 
a maximum starting effort of nearly 
100 000 pounds, are used as helpers on 
the 1.8 % grade. As compared with the 
road engines of the 2-10-2 type the new 
single expansion articulated engines 
show an increase of nearly 47 %, which, 
as is evident, will greatly increase the 
capacity of that portion of the road be- 
tween Cut Bank and Whitefish. 

The largest articulated locomotives 
heretofore used by the Great Northern 
are 25 Mallet compound engines of the 
2-8-8-0 type, known by the road as the 
class N-1, built by the Baldwin Locomo- 
tive Works in 1912. During the past year 
several of these locomotives were conver- 


' ted from compound engines to simple ar- 


ticulated locomotives, using high pres- 
sure superheated steam in all four of the 
cylinders, which are of the same size. 


The work of changing these engines 
from compound to simple locomotives 
consisted essentially in bushing the high 
pressure cylinders, applying new cylin- 
ders in place of the low pressure cylin- 
ders, and the application of an entirely 
new set of steam and exhaust pipes. The 
general arrangement and application of 
these various pipes is shown in the 
figures 5, 6 and 7. 

Outside steam pipes, equipped with 
expansion joints, were applied, extend- 
ing from the smoke box to the rear cylin- 
ders. At the joints of these steam pipes, 
at the smoke box, both of the oustide 
pipes were fitted with flanged elbows 
having side outlets for Y connections, 
which extend beneath the boiler to pro- 


vide a passage for. steam to the front 


steam pipe, through which steam passes 
through another connection into the 
valve chambers of the front cylinders. 
The front steam pipe is fitted with both 
ball joints and expansion joints. Instead 
of two separate exhaust pipes for the 
two sets of cylinders only one was appli- 
ed, so arranged that exhaust steam from 
the front cylinders passes through the 
center opening in the exhaust pipe, while 


that from the rear cylinders passes 
through the cored side openings. 

No dynamometer car tests have as yet 
been made as a basis for comparing the 
converted simple articulated engines 
with the Mallet compounds, before con- 
version, but road tests have clearly de- 
monstrated the possibilities of an in- 
crease in hauling capacity, with a mate- 
rial reduction in the amount of coal and 
water consumed per unit of work. On 
one district, having ruling grades of 72 % 
the converted engines have handled 
approximately 1000 tons more, in prac- 
tically the same running time as that 
made by the Mallet compounds, with a 
reduction in the consumption of both 
fuel and water. The older compound 
engines formerly handled trains of -4 250 
tons over this district while the convert- 
ed engines are capable of hauling trains 
of 5200 tons over the same territory. 
This probably is due to the fact that the 
older engines had a.rated tractive effort 
of 93 250 pounds, with a factor of adhe- 
sion of 4.5 while the converted single 
expansion engines develop an _ initial 
starting effort of 100000 pounds with a 
factor of adhesion of 4.2. The satisfac- 
tory results in increased capacity and 
economy in the operation of the convert- 
ed engines were the determining factors 
in the selection of the type and ‘design 
of the new class R-1-S engines. 


The only other well known locomo- 
tives in this country of the same type as 
that of the new motive power of the 
Great Northern, which might be favor- 
ably compared, are the 2-8-8-2 type 
simple articulated engines of the Chesa- 
peake & Ohio Railway. These engines 
were fully described in the Railway Re- 
view, 5 April (1), 1924. They have four 
cylinders 23 inches in diameter with a 
stroke of 32 inches; driving wheels 
57 inches in diameter; a length over en- 
gine and tender of 103 feet 3 3/8 inches, 


(1) See Bulletin of the International Railway 
Congress Association, July-August 1924. p. 575. 
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Fig. 8. — End elevations and cross sections of rear unit of Great Northern new simple articulated freight locomotives. 


and a total weight of engine and tender 
in operating condition, of 774 000 pounds, 
with a maximum tractive effort of 
103500 pounds. The new class R-1-S 
engines of the Great Northern have four 
cylinders 28 inches in diameter with-a 
stroke of 32 inches; driving wheels 
63 inches in diameter; an overall length 
of 107 feet 2 1/4 inches, and a total 
weight of engine and tender, loaded, of 
916500 pounds, with a tractive power 
of 127500 pounds. In fact the Great 
Northern engines are almost equal in size 
and power to the 2-8-8-0 Mallet com- 
pounds of the Pennsylvania Railroad, 
and the 2-10-10-2 articulated compound 
engines of the Virginian. The former 
have a total weight of 794,000 pounds and 
develop a_ starting effort of 135 000 
pounds, while the latter weigh 898 300 
pounds and are capable of developing 
a starting power of 176600 pounds 
simpJe, and 147 200 pounds while work- 
ing as compound engines. 

Track conditions on the Great North- 
ern have been much improved since the 
class N-1 locomotives were constructed. 
With the wheel loads now permitted it 
is possible to apply a boiler of sufficient 
capacity to insure an abundant supply 
of steam for the four 28 by 32-inch cylin- 
ders used on the class R-1-S locomotives. 

In accordance with the usual practice 
on this road, the boilers of the new class 
R-1-S engines are of the Belpaire type. 
The barrel has a conical connection, and 
is 100 inches in diameter at the front 
end, the maximum diameter being 109 
inches. It is fed by one Sellers non-lift- 
ing injector placed on the left side, and 
by one Elesco exhaust steam injector on. 
the right side. The combustion chamber 
has a length of 72 inches, and the tubes 
are 24 feet long. The locomotives as 
built are equipped for burning oil, but 
the design is so arranged that they can 
subsequently, if desired, be equipped to ~ 
burn coal. They are also so constructed 
that they can be fitted with brick arches 
and mechanical stokers. At present no 
arch tubes are applied, but a brick wall 


is placed across the throat of the combus- 
tion chamber. 

Flexible staybolts are applied in the 
breaking zones in the sides of the fire- 
box. Hollow stays are used in the back 
head and back of the brick work, and 
there is a complete installation of flexible 
bolts in the firebox throat and the com- 
bustion chamber. 


is connected with the superheater header 
in the smokebox by means of an internal 
dry pipe. The steam pipes leading from 
the superheater header terminate in a 
second header, placed transversely in 
the bottom of the smokebox and having 
connections with two outside steam pipes 
which lead back to the rear cylinders. 
The front cylinders receive their steam 
supply through a centrally located pipe 
connected to the same header, and having 
_ three ball joints. All slip and ball joints 
are lubricated. Oil cups are used on all 
packings. ; . 
The exhaust from the two front cylin- 
ders is conveyed to the nozzle through 
a pipe placed on the center line, and fit- 
ted with two ball joints lubricated with 


asia ges 


The main dome is on the third boiler 
ring, and back of it, on the same ring, 
is a man-hole opening fitted with a de- 
pressed cover, in which are mounted the 
whistle and the four safety valves. This 
arrangement was necessary in order to 
keep within the over-all height limit. 

A throttle valve of the Baldwin balanc- 
ed type is placed in the main dome, and 
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Fig. 4. — Exhaust stand and nozzle used on converted simple articulated locomotives 
of Great Northern Railway. 


oil, and one slip joint lubricated with 
grease. The exhaust pipe from the rear 
cylinders is placed on the left side, and 
terminates in an annular opening sur- 
rounding the exhaust nozzle of the front 
cylinders (fig. 4). 

The steam supply for the Elesco 
exhaust steam injector is taken from the 
exhaust pipes of both the front and rear 
cylinders. This injector is placed under 
the cab, on the right side. 

The frames are six inches wide, spaced 
41 inches apart transversely. Special 
attention has been given to the design of 
the articulated frame connection. The 
vertical hinge pin is six inches in dia- 
meter, and is held rigidly in the rear 
cylinder saddle, being secured from turn- 
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ing by a tapered fit and a heavy tapered 
key, The saddle is bushed and the pin 
is case-hardened. By holding the pin 
rigid, the wear is taken by the bushed 
connecting bar, which can be easily re- 
bushed; and thus the slack between the 
two units can be kept at a minimum. 
Both the vertical and horizontal hinge 
pins are internally lubricated with 
grease, which is applied from an easily 
accessible outside location. 

The four cylinders are cast iron and 
are interchangeable, as are also the front 
and back pistons, crossheads and con- 
necting rods. Corresponding crank pins, 
wheels and axles in the front and rear 
units interchange also. Steam distribu- 
tion is controlled by 14-inch piston 
valves operated by the Walschaerts valve 
gear. A Ragonnet type B power reverse 
mechanism is applied. The reach rod 
connecting the front and back reverse 
shafts is placed on the center line of the 
locomotive, with its joint immediately 
above the articulated frame connection. 
In this way there is practically no dis- 
tortion to the movement of the forward 
valves when the locomotive is traversing 
a curve. The valves have 1 7/8-inches 
steam lap and no exhaust clearance, and 
are set with a travel of 6 3/4 inches and 
a lead of 3/16 inch. The cut-off, when 
working in full gear, is 65 %. 

The piston heads are steel of the solid 
type fitted with bull rings and packing 
rings of Baldwin special iron. The main 
crank pins are of vanadium steel, hollow 
bored. With the exception: of the front 
main rod stubs, solid end stubs with float- 
ing bushings are used throughout. All 
the pins are lubricated with grease. 


The boiler is supported on the front 
frames by means of a single bearer, locat- 
ed to give an even weight distribution 
and designed to distribute the load on the 
frames with a minimum frame stress. A 
low bearing pressure per square inch is 
assured by the liberal bearing area pro- 
vided, and the bearer is designed to per- 
mit a rocking movement of the frames 


without binding, No centering device is 
applied, experience having proved that 
its use is unnecessary. The upper cast- 
ings of the bearer and of the rear eylin- 
der saddle are riveted to the boiler, the 
liners being placed outside the shell. 
The forward equalization divides bet- 
ween the second and third pairs of idri- 
vers, thus giving a three-point suspension 
for the front unit. 

The front and rear trucks are in many 
respects similar in construction, and have 
interchangeable wheels and axles. The 
frontitruck is center bearing and the rear 
truck side bearing, the bolsters in each 
case being suspended on heart shaped 
links. The transverse distance between 
the inside faces of the truck tires is 
53 1/4 inches, while for the driving tires 
it is respectively 53, 53 3/8, 53 1/4 and 
53 1/8 inches for the first, second, third 
and fourth pairs of drivers of each group. 
Flanged tires are used on all the wheels. 


The cab is located sufficiently far back 
to place all flexible stay-bolts outside, 
where they are easily accessible. To pro- 
vide clear vision for the enginemen, the 
front cab windows are placed in spe- 
cially designed brass frames which per- 
mit the glass to extend the full width of 
the front panels. Steam piping immedi- 
ately forward of the cab is placed under 
the jacket; and this, with the downward 
trend of the running boards as they ex- 
tend forward and the arrangement of all 
external fittings, gives the engine crew 
as clear a vision as can be obtained in a 
locomotive of this size and type. 
These locomotives are equipped with 
force feed lubricators for the front cylin- 
ders, and with flange oilers on the lead- 
ing drivers of both the front and back 
units. A drifting valve with handle con- 4 
veniently located in the cab, and having a 
2 1/2-inch pipe connection to. the steam 
valve stand, supplies steam to the cylin- 
ders when drifting. The main steam 
valve stand is placed on the roof sheet in 
front of the cab, and there is also an auxi- 
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u liary steam manifold on the left side of the 


back head connected to the steam valve 
stand and ‘serving the blower in the smo- 


~kebox, the oil atomizer tank heater, cab 


heater, sprinkler, flange lubricator heater 
and force feed lubricator heater. On the 
right side of the back head is an air ma- 


nifold, with valves serving the bell rin-. 


ger, sanders, cylinder cocks fior the front 
and ‘back units. This manifold also has 


3 
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Fie. 7. — Details of exhaust pipe construction used by Great Northern 
on converted simple articulated locomotives. 


‘The firebox has a brick flash wall in 
the back, and all firebox seams are pro- 
tected from the direct action of the fire 
by seam fire brick. 

In order to prevent the exhaust from 
the air compressors from drawing on the 
fire when drifting down long grades, the 
compressors discharge into a separate 
header, which provides an atmospheric 
exhaust. 

The tender of this locomotive is car- 
ried on two Commonwealth cast steel 
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plugged connections. for the fire door, 
tube cleaner, and whistle. 

The oil burning arrangement has a num- 
ber of interesting features. The damper 
controlling the intake of air through the 
fire pan is automatic in its action, open- 
ing by draft and closing by gravity. The 
fire door is provided with an intake riser 
through the deck, thus preventing cold 
air from being drawn into the cab. 
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trucks of the six-wheeled equalized type. 
The frame is a one-piece, Commonwealth 
steel casting. The tender is built with a 
stoker conveyor trough, in view of the 
possibility of changing to coal burning 
in the future. A pilot is placed at the 
rear end. With capacity for 16800 gal- 
lons of water and 5800 gallons of oil, 
these tenders rank among the largest thus 
far built. 

These locomotives have a height over 
all of 16 ft. 1 in. and a maximum width 
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of 11 ft.3 in. The length measured from 


the face of the engine front bumper to 
that of the tender rear bumpers is 107 ft. 


21/4 in, 


Principal weights proportions and dimensions of Great Northern Railway 2-8-8:2 


simple articulaled locomotives, 


Further particulars are given 
in the table of dimensions. 


Service . Les Freight. Journals ; 
Type, single oxpabvion é 2-8-8-2. Main, diameter and length. 
Fuel . Oil. 


Cylinders, four. 


Valves, piston, diameter. 44 inches. eee Wiheels : 
: Leading, diameter . 
ace? Trailing, diameter 
Type . Conical. h 4 
Diameter . 400 inches. Truck journals ; 
Working pressure . 240 lb. Leading, diameter and length. 
Firebox: Trailing, diameter and length. 
Material . Steel. Wheel bases : 
Staying Belpaire. Driving 
Length 144 inches. Rigid . 
Width. 103 — Total engine. 
Depth, front. O83). "> 


Depth, back . 


Tubes, number and semen : 


Flues, number and diameter 
Length, tubes and flues . 
Heating surfaces ; 
Firebox 5 
Combustion Ghasnbee ‘ 


28 inches by 32 inches. 


75 1/4 inches, 


310 — 24/4 inches. 


68—51/2  — 
24 feet. 


272 square feet. 


Total engine and tender 
Total length, overall . 


Weights, in working order : 
On driving wheels . 
On front truck . 
On back truck . 
Total engine . 


Tithesand ties 6 ae ie Total engine and fentee : 
Total . T 442 — Tender : 
Superheating 1 896 =e Wheels, number .. 
Comb. evap. and sapenieet . 9 036 —_— Wheels, diameter . 
Grate area . 108 — Journals . 
Driving wheels : Capacity, oil. - 
Diameter outside 63 inches. Capacity, water. 
Diameter center 56 — Tractive force . 


. 4124/2 in. by 16 in. 
Others, diameter and length . 


11 in. by 14 in. 


33 inches, — 
33° — 


6 4/2 in. by 12 in. 
6 1/2 in. by 12 in. 


43 ft. Tin; 
146 ft. 6 in. 
58 fb. 2 in. 
96 ft. 3 4/2 in. 
107 ft. 2 1/4 in. 


532 800 Jb. 
37 550 lb. 
24 590 lb. 

594 940 Ib. 

946 500 Ib. 


12 
33 inches. 


6 4/2 inches by 12 inches. 


5 800 gallons. 
16800 — be | 
427 500 Ib. 
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Inspection of flexible staybolts, (!) 
_ By E. S. FITZ SIMMONS. 


SALES MANAGER, FLANNERY BOLT COMPANY, PITTSBURGH, PA. 


Figs. 1 to 4, pp. 527 and 528, 


(Railway Mechanical Engineer.) 


The development of the flexible stay- 
bolt, in this country, dates back to about 
1890 and early ‘experimentation was sti- 
mulated by the enormous number of 
breakages which occurred in the rigid 
type of staybolt. Probably the first type 
of flexible staybolt which could be rea- 
dily inspected without removal was one 
of the round headed design, using a sleeve 
and removable cap, which was designed 
by John B, Tate of the Pennsylvania Rail- 
road and introduced by the Flannery Bolt 
Company about 1904, This design gave 
promise of eliminating many of the weak- 
nesses of former types and provided a 
means, though an expensive one, of ascer- 
taining the condition of the bolt without 
x removing it from the boiler. For these 

if reasons it was quite generally tried out 
| by many railroads and the results ob- 
tained were so satisfactory that its adop- 
tion and general use almost immediately 
followed. 

In 1905 a Committee of the American 
Railway Association reporting on flexi- 
ble staybolts said of it: « Though of com- 
paratively recent idate, it has been re- 
ceived with great favor, indicating the 
rapidity with which a new bolt of pro- 
mising design is given a practical trial 
in the effort to cure the staybolt trouble. » 
Further in this same report the commit- 
tee stated the following: « A simple means 
of positively detecting cracked and bro- 
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tember 1925. 


ken bolts is an improvement needed by 
all flexible bolts that are in service at the 
present time. The removal of the cap, 
which will allow an examination of the 
bolt, is the only absolute means possible 
with flexible bolts of the present design. » 

In 1911 the act commonly known as 
the Locomotive Boiler Inspection Law 
became effective, under authority of 
which, rules requiring among other 
things the removal of caps from flexible 
staybolts for inspection purposes at spe- 
cial stated intervals, were promulgated 
and enforced. 

The generally satisfactory service ren- 
dered and the very small percentage of 
breakage to total number in service (this 
type having become practically stan- 
dard) created a doubt in the minds of 
many railroad mechanical officers of the 
justification of such a rule or require- 
ment and it was quite generally, and 
for a time quite strenuously, opposed. 
However, the Locomotive Inspection Bu- 
reau, through its corps of inspectors, had 
indisputable evidence of the necessity 
for thorough and regular inspection, for 
while it was admitted that the percentage 
of breakage to the total number in ser- 
vice was small, it was shown beyond 
question of doubt that in certain ins- 
tances breakage did occur to such an 
extent as to become a menace to life and 
property. 


(*) Abstract of a paper presented at a meeting of the Southern Railway Club, Atlanta Ga., 17 Sep- 
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Investigations were begun to deter- 
mine the cause of breakage in an endea- 
vor to apply a remedy. A number of in- 
vestigations confirmed the absolute ne- 
cessity for careful and frequent inspec- 
tions and also clearly. demonstrated the 
need of a more accurate and positive me- 
thod of test than the mere removal of the 
caps and an examination of the bolt 
heads. 

‘Instances were found where, under bad 
water conditions, accumulations of scale 
between the body of the bolt and the 
inner wall of the sleeve were such as to 
solidly lock the bolt in the sleeve. The 
result was to render ineffectual the flexi- 
ble feature and to cause the bolt to break 
at the fire box sheet. 

During the past ten years, and more 
diligently during the past five years, after 
these abnormal conditions had been pro- 
minently developed, constant effort has 
been made to perfect a method of inspec- 
tion that would provide greater safety 
and insure against loss of life, injury to 
persons, and damage to property. 

The first actual service test of such a 
method was made in August 1920 on 
large Mallet type locomotives where ab- 
normal conditions existed and where 
breakage of flexible bolts was excessive. 
This method consisted of the installation 
of flexible bolts with telltale holes extend- 
ing from the firebox end entirely through 
the body section and terminating within 
the bolt head, and the testing of these 
bolts at regular intervals wich a specially 
constructed instrument to determine de- 
finitely that the telltale holes were open 
and, therefore, operative throughout their 
entire length. This was accomplished by 
so constructing the instrument that an 
electrical circuit would be established 
when. contact was made at the end of 
telltale hole. 

During this service test, two distinct 
features were developed : 

First, — that moisture, due to tempera- 


ture changes, condensed in the , telltale 
hole and formed rust or iron oxide which 


gradually increased to such an extent as 
to interfere with the insertion of the test- 
ing instrument. dn seeking a remedy for 
this condition, various methods were 
tried, the most satisfactory and the one 
at present in use being the electro-plat- 
ing of the walls of the telltale hole with 
copper. Four years experimental work 
and service tests have demonstrated the 
complete success of eliminating the dif- 
ficulty by this method. 


Second — that cinder and other fo- 
reign matter accumulated in the telltale 
holes to such an extent as to require ex- 
cessive labor to dislodge and remove it 
in onder to permit the insertion of the 
testing instrument. The cost and time 
required for this made the method im- 
practical. After numerous experiments 
it was found that a closure of fire-proof 
porous material applied in the end of 
the telltale hole prevented the accumula- 
tion and at the same time permitted lea- 
kage of steam or water in case of frac- 
ture, and that it was also readily and 
cheaply removable to allow insertion of 
the testing instrument. 


Application of telltale 
flexible staybolts. 


The telltale flexible bolt is identically 
the same as the Tate bolt with the adidi- 
tion of a telltale hole extending through 
the entire length of the body section and 
terminating within the head of the bolt. 
The walls of the telltale hole are copper 
plated to prevent rust or corrosion wi- 
thin the hole and to prevent them from 
becoming closed from this cause. 

They are applied exactly the same as 
the ordinary flexible bolt. If the method 
of riveting closes the end of the hole, it 
may easily and quickly be re-opened, af- 
ter which a porous fireproof closure is 
applied that will prevent the accumula- 
tion of foreign matter from entering the 
telltale hole and that will permit leakage 
of steam or water in icase of a break or 
fracture, which serves as a daily indica-- 
tor of the condition of the bolt. 
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Fig. 1. — Cleaning out the telltale hole by means 


- Inspection of telltale 
- flexible staybolts. 


In addition to depending on the lea- 
kage through the telltale hole, an inex- 
pensive method of periodically checking 
up the condition of the telltale hole is 
provided as follows : 


The fireproof porous closure is first 
removed, after which the specially con- 
structed testing instrument is inserted. 
Upon reaching the extreme end of the 
telltale hole and making contact there- 
with, a light flashes in the handle of the 
tester indicating that the hole is open 
and therefore operative throughout its 
entire length. 

The method of testing has been built 
upon the fact that a broken bolt having 


of special air tool. 
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a telltale hole will show leakage of water 


or steam, providing the telltale hole is 


open and operative and that it extends to 
every breakable part of the bolt. 


The tester is so designed and con- 
structed that it will positively indicate 
whether or not the telltale holes are open 
throughout ‘their entire length. After in- 
serting the tester in each telltale hole and 
securing light in the handle (which indi- 
cates that contact has been made with 
the extreme inner end of the hole) ifthe 
bolt is broken, or fractured into the bole, 
leakage will positively occur when water 
pressure is applied to the boiler. 


Use of the tester. 


First, with a sharp pointed pin or 
punch and a light hammer, break 
through the porous closure; then blow all 
of the remaining particles out of the tell- 
tale hole with the air tool — shown in 
figure 1. Attach the ground connection 
in any convenient telltale hole, then in- 
sert the tester rod into each telltale hole 
until contact with the end of each hole 
is secured. Such contact is indicated by 
the lighting of the bulb in the tester 
handle, as shoavn in figure 2. After con- 


Fig. 2, — A light in the tester handle indicates 
that the telltale hole is open the full length, 
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tact, has been secured in every bolt, apply 
water pressure to the boiler and every 
defective bolt will be indicated by lea- 
kage through the telltale hole. If no de- 
fective bolts are found, or after replacing 
any that are found, again close the tell- 
tale hole with the fireproof porous mate- 
rial and the locomotive is ready for ser- 
vice. 


Cases may occur where breakage or 
fracture will be indicated by leakage and 
will not be observed or detected at the 
time they develop, as for instance bolts 
in locomotives in pusher service at iso- 
lated points or bolts located behind brick 
‘arches, grate bars, etc., and in which the 
telltale hole will gradually become filled 
by accumulation of scale from the boiler 
water. Therefore, whenever the tester 
is inserted, it strikes an obstruction and 
fails to show a light in the handle, as is 
shown in figure 3. In such cases the tes- 
ter should be removed and a special 
cleaning drill applied to remove the ob- 
struction. After drilling, blow clean 
with the air tool such as was shown in 
figure 1, ne-insert the tester, and if the 
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Fig. 3. — An obstruction in the telltale hole prevents the 


hole has been thoroughly cleaned, con- 
tact will be secured and indicated by the 


‘lighting of the bulb as before described 
and when water pressure is applied, lea- 


kage will occur. 


Bear in mind that securing contact in 
the telltale hole does not indicate that the 
bolt is in good condition, but only that 
the telltale hole is open and operative 
throughout its entire length. It is the 
failure of the bolt to leak under pressure 
after contact has been obtained which in- 
dicates that it is not broken. 


The present method of inspection re- 
quires from three to four or more days, 
the principal part of the work being the 
removal and replacement of parts, rather 
than the actual time required by the ins- 
pector to’ examine the bolts. 


By the new method herein described, 
it is not necessary to touch or remove 
anything on the outside of the boiler and 
the entire test on a modern locomotive 
boiler containing a full installation of 


Fig. 4. 
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tester rod from making contact. This condition is indie- 
ated by the failure of test lamp to light. 


Applying the porous closure to telltale 
hole after inspection. 
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flexible bolts can be completed within an 
eight-hour day — and at a labor cost of 
from $10 to $20, depending on the size of 
each respective installation. 


The cost to strip, remove caps, inspect, 
and replace runs from $100 to $250, de- 
pending upon the size of the locomotive 
and upon the facilities at hand, and in 
addition, results in two, three, and some- 
times more, days loss of engine service. 


The principal advantages of the new 
method of inspection are: Greater safety 
by constant daily indication of bolt con- 
ditions; material reduction in mainte- 
nance costs by reason of eliminating a 
vast amount of labor now required under 
the older method of inspection, and a 
substantial saving in locomotive service 
by reason of being able to make inspec- 
tion by the new method at the time of 
the regular annual hydrostatic test and 
without additional loss of locomotive 
service. 


A number of railroads have been using 
the new method of inspection just des- 
cribed for some time, irrespective of the 
fact that the Government had not yet ap- 
proved it, because they were convinced 
that it added such an immeasurably in- 
ereased factor of safety that it would 
more than compensate for the additio- 
nal cost of this method of testing in ad- 
dition to complying with the Interstate 
Commerce Commission rules that require 
the removal of caps every two years. 
The Locomotion Inspection Bureau, 
however, has been fully aware of the use 
of this new method for the last four or 
five years, has been checking up the re- 
sults carefully, and when a number. of 
the railroads that have been using this 
method of inspection for some time made 
an application for a modification of Rule 
23, careful consideration was given with 
the result that, at a general session of the 
Interstate Commerce Commission held 
at its office in Washington on 26 July, 
1925, it was ordered that Rule 23, as ap- 
proved in the order of the Commission 
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entered 7 April, 1919, be, and the same is 
hereby amended to read as follows: 


« 23. Method of testing flexible staybolts 
with caps. 


« Except as provided in paragraph (b), 
all staybolts having caps over the outer 
ends shal] have the caps removed at least 
once every two years and the bolts and 
sleeves examined for breakage. Each 
time the hydrostatic test is applied, the 
hammer test required by rules 21 and 
22 shall be made while the boiler is under 
hydrostatic pressure not less than the 
allowed working pressure. 


« (b) When all flexible staybolts with 
which any boiler is equipped are pro- 
vided with a telltale hole not less than 
3/16 inch nor more than 7/32 inch in dia- 
meter, extending the entire length of the 
bolt and into the head not less than one- 
third of its diameter and these holes are 
protected from becoming closed by rust 
and corrosion by copper plating or other 
approved method, and are opened and 
tested, each time the hydrostatic test is 
applied, with an electrical or other ins- 
trument approved by the Bureau of Loco- 
motive Inspection, that will positively 
indicate when the telltale holes are open 
their entire length, the caps will not be 


required to be removed, When this test 


is completed, the hydrostatic test must 
be applied and all staybolts removed 
which show leakage through the telltale 
holes. 


« The inner ends of the telltale holes 
must be kept closed with a fireproof po- 
rous material that will exclude foreign 
matter and permit leakage of steam or 
water, if the bolt is broken or fractured, 
into the telltale hole. When this test is 
completed, the ends of the telltale holes 
shall be closed with material of different 
color than that removed and a record 
kept of colors used. 


« (c) The removal of flexible staybolt 
caps and other tests shall be waported on 
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the report of inspection Form No. 3, and 
a proper record kept in the office of the 
railroad company of the inspections and 
tests made. 

« (d) Fire box sheets must be carefully 
examined at least once every month for 
mud burn, bulging, and broken staybolts. 


[ G28. 258 (.4) & 686 .259 (4) ] 


« (e) Staybolt caps shall be removed or 
any of the above tests made whenever the 
United States inspector or the railroad 
company’s inspector considers it desi- 
rable in order to thoroughly determine 
the condition of staybolts or staybolt 
sleeves, » 


Car retarders used in Europe. 
Vigs. 1 to 7, pp. 531 to 534. 


(Railway Age.) 


A system of rail brakes or car retarders 
for automatically controlling the speed 
of cars in hump yard switching has been 
developed in Germany and was first ins- 
talled at Oberhausen in 1918. Other 
installations have been made during the 
last three years at Cologne, Seddin, 
Schwelgren ‘and at several other impor- 
tant yards on the German State Railways. 
This system, which is known as the Froe- 
lich hydraulic system, has also been ins- 
talled at Aarhus, Denmark, and Susteren, 
Holland. The illustrations show the ap- 
paratus installed at Aarhus. 

The design of the apparatus employed, 
to which the term rail brakes is applied, 
is based on the invention of Dr. Froelich, 
railway superintendent to the German 
Government. The W. Dederich, Ltd., 
London, England, holds the right for the 
sale and installation of the Froelich 
hydraulic system in all parts of the world 
except Germany. The purpose of the 
system is to eliminate the necessity for 
employing car riders — a'brakesman on 
each cut of cars. The manual braking of 
cars on humps is in many cases unsatis- 
factory, resulting in damage to cars and 
lading and also in serious injury to em- 
ployees, especially in stormy weather (1). 


(1) The economic aspect of car retarder systems 
was described in detail in connection with two ar- 
ticles concerning car retarders installed on the In- 


In the Froelich system a long brake 
shoe made of a rail, lying along each side 
of the running rail of the track, is opera- 
ted by hydraulic pressure to bear against 
the flanges of passing car wheels. The 
operator in the tower, being informed by 
automatic track scales of the weight of 
a car, can estimate its probable momen- 
tum and operate the car retarder to re- 
duce the speed so that the car will run 
into the proper track and come to a stop 
without bumping other cars so hard as 
to cause damage, 


Weight 
of car effects braking automatically. 


In the mechanisms first devised in 
Germany the bearing blocks were pri- 
marily raised and depressed mechani- 
cally, every subsequent operation being 
carried out by hydraulic power. In later 
installations, such as that at Seddin, the 
entire movement is operated hydrauli- 
cally. Another unique feature of this 


system is that the weight of the car auto-— 


diana Harbor Belt Line., published in the Railway 


Age of 15 November 1924, page 895, and 9 May 1925, 
page 1443. A brief description of the Froelich appa- 
ratus was given in the Railway Age of 6 December, 
1924, page 1038. 


See also Bulletin of the International Railway 


Congress Association, January 1926, pp. 5 and 14. 
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matically establishes and controls the 
braking effect while the car is passing 
through the car retarder. : 


These brake rails a (see diagram) are 
mounted on the brackets b, which latter 
rest with a sliding contact on the verti- 
cally adjustable bearing blocks or sup- 
porting beams:c, those on the inner side 
carrying the inside brake rails e pivoted 
at d on brackets b. With these in the ele- 
vated position the wheels of the train run 
with their flanges bearing on the base of 


BRAKING 
NORMAL POSITION 


POSITION 
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ATION TO PROTECT 
AGAINST FREEZING 


Fig. 4. — Section of rail brake apparatus. 
a = Brake rails. 
b-= Brackets. 
ce = Supporting beam. 
d = Pivots. 
e = Inside braking rail 


A determining factor in the force of 
braking is the weight of the car itself. 
The apparatus is generally designed so 
as to make the pressure against the wheel 


the brake rails e, forcing the latter down- 
ward, and hence each pair of brake rails 
presses against the lateral surface of the 
wheels or tire sides so that the more the 
bearing blocks are forced upward the 
greater this pressure becomes, Lack of 
uniformity in the thickness of the wheels 
has little effect on the action of the rail 
brakes... The number of axles, also, has 
no influence on the braking efficiency, 
which does not, as in the case of hand 
braking, fall as the number of axles in- 
creases. 


Fig. 5. — Valve assembly unit which controls 


the hydraulic pressure. 


four times that of the hydraulic pressure. 
The latter is regulated by a valve which 
holds the pressure automatically, the 
pointers indicating the exact point at 


which the wheels enter the brake, there- 
by sending up the pressure which is ins- 
tantaneously reduced to the predeter- 
‘mined maximum allowed by the valve. 
if the operator, through lack of skill, 
employs too high a pressure, the car is 
simply lifted off the track by a fraction 
of an inch and the excess hydraulic pres- 
_ sure is taken up by the automatically-act- 
ing compensating device, which is set to 
function at a given pressure. Although 
_ rarely occurring in actual practice, and 


part of the operator, it can happen in 
‘this way that the braking effect will be 
reduced automatically to zero at the ins- 
tant the car ‘begins to climb, i. e., to leave 
the foot of the inner brake rail. In this 
_ manner the valve merely maintains un- 
_der all conditions the maximum hydrau- 
lic brake pressure which is determined 
| by the position of the hand lever in the 
_operator’s cabin. From this it follows 
that violent braking is out of the ques- 
tion, With this feature, combined with 
the permanently parallel position of the 
brake rails, there is no possibility of 
derailment, 
From the foregoing it will be under- 
_ stood that a given hydraulic pressure cor- 
responds to a certain rail brake pressure, 
_ which in its turn is dependent on the 
_ axle loads, and is also governed by a spe- 
' cial automatic by-pass device. The cor- 
_ relation between these two pressures has 
_ been utilized to compile the figures for 
_ varying weather conditions, as a certain 
_ pressure always corresponds to certain 
work. From this, a scale has been pre- 
pared which is fitted on the lever qua- 
drant, indicating the exact position of 
the lever to enable the operator to apply 
the requisite amount of braking force if 
be knows the weight of the car and the 
} distance it has to run. 


How the operator 
is informed of the weight of a car. 


In order to inform the operator of the 
weight of the car a special weighing de- 


only because of gross negligence on the . 
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vice has been devised. This records the 
axle loads in four different steps and 
transmits the information to an indicator 
board (placed within sight of the opera- 
tor), just before the car enters the brake 
and while it remains therein. In this way 
the operator sees the weight of each car 
before applying the brake, He knows 
into which track the car is to run, and he 
can also see what cars are already in each 
one, so that he is in-a position to deter- 
mine the braking effect required in ac- 
cordance with the scale given in the table 
already mentioned. Practice enables the 
operator to judge to a nicety the amount 
of brake force to be applied to the cars 
so as to give them just enough impetus 
to reach the last preceding car without 
bumping against it. 

After a little practice he becomes 
expert in his work and is independent 
of the table, this latter finally represent- 
ing nothing more to him than a means 
of making rough adjustments. He will 
then rely preferably on his own obser- 
vation of the behavior of the car, before 
and after braking, to gage the lever 
manipulation required to bring about the 
desired result. The brake is released by 
dropping the transverse members. 

The hydraulic power is supplied by a 
plant of any approved design and is re- 
quired solely for raising the brake ini- 
tially, for making up by-pass losses, and 
for otherwise furnishing additional pres- 
sure when needed. In order to obviate 
the risk of the water in the hydraulic 
system freezing in severe weather the 
pipes outside the control station are em- 
bedded a sufficient depth to prevent the 
penetration of frost while heat is suppli- 
ed to the braking conduit, this heat being 
derived from the same source as that 
which supplies the heating requirements 
of the control station or switchman’s 
cabin. The water is supplied by a com- 
pressor pump driven by an electric mo- 
tor and collected in a hydraulically-con- 
trolled reservoir, suitable valves actuated 
by a simple lever regulating the water 
level. 
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The use of well designed rail brakes 
in hump yards enables a considerable 
saving to be effected in personnel, in the 
wear and tear of rolling stock, and also 


Fig. 6. — The collector drum controls the operation 
of the switches. 


brake should be under the same control, 
thus eliminating disadvantages arising 
through several switchmen having to 
work strictly in accord with each other’s 
movements. Apart from the fact that 


as regards reliability and the expeditious 
handling of trains. In order to obtain 
the best, results it is desirable that the 
working of the switches and that of the 


Fig. 7— The master control unit located in the towet 


the brake operator and the switchman 
work to the same instructions and have 
to make the same observations, the work 
of the one is interdependent with the 
work of the other, especially if irregu- 


larities should occur in the passage of 
the cars over the hump. Unskilful brak- 
ing may interfere with the movement of 
_ the switches. Changes in the destination 
of the cars (into a track other than that 
originally intended) may call for a diffe- 
rent brake application. Further, provi- 
_ sion has to be made for the carrying out 
of operations in foggy weather. 
_ <A system of power switch machines 
has been designed and is being used in 
_ Germany in conjunction with the Froe- 
lich rail system. This is the collector 
drum system of the General Electric Com- 
_ pany (England). It is distinguished from 
others used for switch operation through 
having not only one, but as many jas 
- 50 contacts, mounted on a common drum 
corresponding to 50 different point posi- 
tions for as many switching tracks lead- 
ing from the hump. The manipulation 
of alever actuates one contact and simul- 
taneously turns the drum mechanically, 
so that at the next lever movement the 
contact next following is brought into 
action. 
Concentrically inside the contact 
drum, but rotating independently of it, 
is another drum carrying a magnet which 
_ is supplied with current from an insulat- 
ed rail placed in front of the rail brake, 
or it may be controlled from a rail con- 
tact. This magnet prepares the connect- 
 ing-up of the contacts which, however, 
_ only takes place after the car has left the 
_ insulated rail. In passing off the car re- 
leases the magnet and allows the inner 
_ drum to establish contact with the next 
position. In this manner the switching 
program for 50 cars, or cuts of cars, can 
be collectively set in advance on any one 
track by means of a single controlling 
mechanism, and shifted in rotation as the 
cars descend the hump. This feature 
renders the operation independent as re- 
gards the time required for a car to run 
down the hump. The automatic switch 
box with the « collector » in position, is 
shown in one of the illustrations. It will 
be understood that the controlling device 
enables each cut of cars to shift the 
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switches for its successor. Through this 
collective setting of all the switches in 
advance by one mechanical operation the 
amount of work to be done is materially 
reduced, and can, in fact, be carried out 
by one man. A jpointer advances auto- 
matically down the list of cars of which 
the train is composed, and shows the 
switchman at any moment exactly how 
far the work has progressed and which 
car is passing at the time. Another 
pointer on the opposite side indicates 
automatically for how many cars or cuts 
of cars the switches have been shifted in 
advance. As soon as the two meet the 
collector is « empty », so to speak, and 
ready to receive switch positions for 
another 50 cars. A bell rings when the 
third car from the last passes through 
the first switch on its run, or in case 
of a fault in the control circuit. 

To provide for cases where it becomes 
necessary to interfere with the anticipat- 
ed setting of the switches, or where the 
jnstructions as to the destination of. cer- 
tain cars are changed while the switch- 
ing is in progress, the operator is provid- 
ed with a diagrammatic view of the 
track. On this board the switches are 
provided with buttons and with small 
lamps which are included in the track 
circuit and which glow as long as a.car 
is on the insulated rail. By pressing 
these buttons it is possible to change the 
switch positions which had previously 
been selected for the collector. By means 
of a special switch all contacts in the 
collector drum can be put back into neu- 
tral. In this way emergencies have been 
provided for. With the small lamps on 
the track plan the operation of the hump 
yards is facilitated under unfavorable 
weather conditions. Thus, the passage 
of the cars into the classification tracks 
is, in the first place, indicated by the 
advance of the pointer on the list of cars 
in front of the switchman, and checked 
for a second time by the glowing of the 
lamps on the board as the car reaches 
the first switch on its run. Finally the 
switchman can throw each switch by 
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hand, if he so desires, without impeding 
the accurate functioning of the switch 
boxes, the collector or the drums. The 
latter are independent of each other, and 
for this reason, though one or the other 
may get out of order, the complete plant 
can never do so. 


Example of yard operation 


The following example will-show how 
a certain classification yard is being 
operated mechanically by centralized 
control. The drawing (fig. 1) represents 
the type of gravity. yard having level re- 
ceiving tracks. Track and profile plans, 
as well as the position of the rail brakes, 
have been made as nearly correct theore- 
tically as local conditions permit. Accor- 
dingly four rail brakes 65 feet in length 
each were thought desirable for reasons 
of reliability. Over 4000 cars had to be 
classified daily and if four brakes were 
installed the failure of one would be felt 
less than if a smaller number were used. 
Besides, a multiplicity of brakes is con- 
ducive to a better development of the 
layout of the switches and the attainment 
of « a short braking zone ». Just below 
the summit of the hump two rail brakes 
‘11 ft. 6 in. long have been installed. 
These are called summit, or primary, 
brakes, and serve the purpose of retard- 
ing a car temporarily, but the braking 
effort may be made such as to bring the 
whole train to a standstill. The operator 


faces the hump and has on either side 
of him one common valve for the summit 
brakes. The same room overlooking the 
sorting sidings accommodates the control 
switches, and the apparatus for working 
and supervising the switching as describ- 
ed above. A loud speaker has been 
arranged which communicates with the 
men at the hump summit and at the 
entrance to the classification tracks. Fi- 
nally, a button for sounding horns be- 
tween the sidings, and a lever for giving 
signals to the engineman, have been con- 
veniently arranged. 

The mechanism for throwing the 
switches is installed on the floor below, 
and the power plant is in the basement. 
For the sake of reliability both pumps 
and motors are provided in duplicate, 
one being electrically, and the other 
gasoline driven. If the electric current 
should fail both motors can drive one 
pump or the other as may be required. 
The highest possible degree of. working 
reliability has been attained, as the brake 
valves can be replaced within a minute 
ortwo. The operator’s cabin and the rail 
brakes are centrally heated from the 
basement. Apart from the brake opera- 
tor and the switchmen, one man is need- 
ed to uncouple the cars at the summit of 
the hump, and one man for each five to 
eight classification tracks. One of these 
men has to remain in the vicinity of the 
loud speaker and he others are station- 
ed at various points throughout the yard. 
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Composition and character of railway operating expenditure, 
By ALrreD WALTHER, ; 


CERTIFICATED ENGINEER, ZURICH. 


Figs. 1 to 7, pp. 539 to 580. 


(Schweizerische Bauzeitung.) 


By the <« Character Expenditure >» we 
mean its relationship to a varying degree 
of business activity. In the article 


entitled: « Principles of the science 
of Industrial Costs >» published in the 
Schweizerische Bauzeitung of April- 


May 1923, we have endeavoured to de- 
_ fine the problem presented by the de- 
gree of activity in its relation to certain 
costs and to formulate the fundamental 
_ bases, intentionally avoiding the investi- 
_ gation of any special cases because we 
wish to give a general idea of this com- 
plicated subject which has been little 
investigated up to the present, in order 
that we may prepare the way for further 
researches. We note with pleasure that 
our first effort has been received by 


tion. It has been recognized that the 
present method of dealing with ex- 
penses, which is limited to the exact 
distribution of the costs of produc- 
tion between the various products of 
an industrial undertaking, is not suf- 
ficient to solve many important ques- 
tions, and particularly those concern- 
ed with ‘the policy of price fixing. 
« The appreciation of this shortcoming » 
writes the Director General, Mr, Herbert 
Peiser (1), has « led to a new method 
which endeavours to calculate the costs 
of production as a function of the vary- 
ing degree of business activity, starting 
from the conviction that it is only by a 
careful study of these relationships that 
one can arrive at a policy of governing 
prices and transactions profitable both 
to the individual enterprise and to the 
whole community, Every complete inves- 
tigation shows that this method opens out 
new vistas of a peculiarly interesting 
character which may perhaps prove able 
to include progressively the whole prob- 
lem of industrial costing ». At present 
we are only at the commencement of this 
evolution and it will now be necessary 
to make special intensive researches into 
the most diverse branches of industry, 
in order to collect the necessary material 
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(1) H. Petser : Der Einfluss des Beschdftigungs- 
grades auf die industrielle Kostenentwicklung 
(The influence of the degree of activity on the 
rise of industrial costs. — Julius Springer, Berlin 
1924, 


many, at least abroad, with apprecia- | 
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for the final development of the general 
theory at present in its initial phase. 
Peiser, in his book that we have just 
mentioned, has analysed the composition 
and the character of the costs of a steam 
generating station; in a recent article (1) 
he attacks the problem of the relation 
of costs to the degree of activity of trade 
from the economic point of view taking 


tthe work of Ford as his basis. 


Whe shall now proceed to examine the 
general theory for a particular case, that 
of railway costs, and by pointing out 
some interesting features of the various 
expenditures that make up these costs, 
show how the theory can be applied to 
them. 


I. — The influence of electrification on 
the character of the cost of traction 
on the Swiss Federal Railways. 


The General Management of the Swiss 
Federal Railways presented a report, on 
the 30 June 1924, to its administrative 
Council on « the comparative cost of 
electric and steam traction » which con- 
tains extremely interesting and instruc- 
tive figures concerning the relationship 
between railway expenditure and the 
varying degree of activity of trade. This 
report was published in the Schweize- 
rische Bauzeitung and Professor Dr. W. 
Kummer gave an analysis of it in the 
issue of this journal of the 25 October 
1924, taking up, it is true, a quite differ- 
ent point of: view. We can therefore 
refer the reader to his article and avoid 
reproducing and making comment on 
the numerical basis of our investigation. 

The figures appearing in the report 
just mentioned only. serve, in fact, as a 
means of determining the « equivalent 
cost of coal » and enable us, by making 


(4) H. Preiser : Fragen sur I’roduktionssteige- 
rung im Lichte Fourd’scher Ziffern (Questions 
of inerease of production examined in the light of 
figures supplied by Ford) (Technik und Wirtschaft, 
February 1925). 
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a few auxiliary hypotheses to show the 
total costs of traction in the form of a 
graphical diagram which gives informa- 
tion from several points of view and also 
an idea of the composition and growth 
in the costs of both steam and electric 
traction. 

We shall first consider the fixed 
charges, these independent of the degree 
of activity of trade; under this heading, 
interest and maintenance (redemption 
and renewal) of capital take a high place 
in the case of electric traction where 9, 
= 42720000 fr. (Swiss) per annum, 
whereas in the case of steam traction 
the corresponding expenditure, includ- 
ing the small difference due to the 
higher cost of maintenance of the track, 
only attains the figure g, = 4 875 000 fr. 
(Swiss). The cost of running and main- 
tenance of the whole of the electric in- 
stallations amounts to a, = 4376 000 fr. 
(Swiss). These costs also may be con- 
sidered) 'as being in the main indepen- 
dent of the degree of activity of trans- 
port. There is no similar entry in the 
account in the case of steam traction. 


The costs of driving and maintenance 
of the motor vehicles c,, and ey, as well 
as the other costs which we have yet to 
mention, are a function of the degree of 
activity of trade expressed in the report 
of the General Management in gross ton- 
kilometres and in train-kilometres. Un- 
fortunately the report gives no direct 
information as to the form of the curve 
of costs that corresponds to an increas- 
ing activity; it only considers a single 
degree of activity definitely given as 
9200 millions of gross ton-kilometres 
5 600 millions of gross ton-miles) (traffic 
during the year 1913). We are accord- 
ingly forced to proceed on our own ac- 
count to an estimation of these costs and 
we do not ithink that we have made any 
error in assuming that they do not pass 
through zero, but are composed in part 
of a constant quantity and in part of one 
increasing in a constant ratio, because 
however low the activity may fall, the 


costs will be large, if only because a 
large number of the trains must always 
be run whether empty or otherwise. 
Let us suppose, as a rough approxima- 
tior, that about 70 % of the costs in ques- 
tion are constant and that only 30 % de- 
pend directly on the number of ton-ki- 
lometres; we shall then obtain, in the 
case of electric traction, two values 
which determine our curve of costs: 
15 500 000 fr. corresponding to zero acti- 
vity and 22 594 000 fr. corresponding to 
9.2 (that is to say 9.2 thousand million 
gross ton-kilometres), in the same way 
we find, for steam traction, 21 000 000 fr. 
and 28 983 000 fr. 

It will be well to mention once more 
in ‘the case of electric traction, the cost 
of current purchased, less the amount 
received for the sale of current produced 
in the generating stations of the railway 
that is b, = 1.270000 fr. We here as- 
sume a constant ratio of increase from 
zero, although this is not quite accurate. 
But the influence of this cost is so small 
that we may safely allow this small error 
to pass. 

In the case of steam traction the cost 
of feed water and of the carriage of coal 
d,, amount to 5350000 fr. They are 
directly dependent on the quantity of 
coal consuméd. According to the report 
of the General Management, the con- 
sumption of fuel is directly proportional 
to the ton-kilometre and for 9 200 million 
gross ton-kilometres (5 600 million gross 
ton-miles), amounts to 500000 metric 
tons (492 000 English tons). 

In the case of electric traction, account 
must also be taken of the saving of 
3 022 000 fr. effected on interest and re- 
demption due to the Federal subsidy of 
60 000 000 fr. 

We are now in the position to trace 
(fig. 1) the curves of total expenditure E 
(electric traction) and D (steam trac- 
tion). The great difference in the cha- 
racter of the two curves can be seen at 
once. With regard to steam traction, 
assuming the degree of activity of trade 


to be represented by 9 and the cost of 
coal to be 57 fr. 50 per ton, the details of 
expenditure that are independent of the 
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Beschaftigungsgrad in Miliarden Bruttot i 
Fig. 1. 


to 62 %. In the case of electric traction 
the proportion of fixed charges indepen- 
dent of the degree of activity of trade 
amounts to 88 % and is therefore much 
greater than the variable costs. We draw 
attention to the fact that the curve of ex- 
penditure will not actually appear in the 
form of a continuous straight line like 


vI—4 


degree of activity of trade are represent- . 


e530 


ed by a straight line parallel to the axis 
of the abscissz, and amount to 38 % of 
the total cost of traction, and, conse- 
quently, the factors that vary amount 
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Zugtorderungskosten pro Bruttotonnentifometer in Rappen 


Beschaftigungsgred in Millierden Bruttetonnenkilometer 
Figwe: 


Translation of German terms in figures 1 and 2: Beschiftigungs- 
grad in Milliarden Bruttotonnenkilometer = Degree of activity in 
thousand million gross ton-kilometres. — Dampf = Steam traction. — 


Elektrisch = Electrie traction. — Gesamtkostenlinie = Line of 
total costs. — Gesamtkosten in Milliunen Franken = Total costs in 
millions of Swiss francs. — K. Pr. = Cost of coal in Swiss francs 


per metric ton. — Zugforderungskosten pro Bruttotonnenkilometer in 
Rappen = Cost of traction per gross ton-kilometre in Swiss centimes. 


that which we have been compelled to 
draw, owing to the absence of more 
exact numerical data: it will fall and 
rise with sudden changes. But it can be 
assumed that the forms of the two curves 


_of costs for steam traction and electric 


traction respectively are sufficiently ac- 
curate as shewn. The line E, at a small 


inclination, shows the permanent nature 
of the costs of electric traction, whereas 
athe line D rising more or less rapidly 
“with the cost of coal, but in any case 
much more steeply than the line E, 
shows clearly the increasing value of 
the same costs for steam traction. For 
a smal] degree of activity, electric trac- 
dion is costly and the cost may even 
amount to double that of steam traction, 
but as the traffic increases it becomes 
less and less heavy. This is clearly shown 
by the curves of cost of traction per 
gross ton-kilometre (per 0.6115 English 
ton-mile) (fig. 2). The cost per unit for 
steam traction ‘also diminishes, but much 
less rapidly, as the traffic increases. In 
figure 3 we have shown,,to a larger scale, 
the unit costs over the portion of the 
diagram which interests us more parti- 
cularly between the degrees of activity 
7 and 14. This diagram shows us in a 
striking manner, undoubtedly better than 
could be shown by any numerical table, 
that, in consequence of the adoption of 
electric traction, the financial efficiency 
of the Swiss Federal Railways has be- 
come, to a much greater extent than 
hitherto, dependent on the degree of acti- 
vity or in other words, on the traffic. 

The report of the General Management 
frequently lays stress on the property of 
electric traction mentioned in the pre- 
ceding remarks, thalt is 'to say, the great 
diminution in the unit costs when the 
degree of activity rises, and it uses it as 
a weapon against those adverse to more 
rapid electrification, who, without hav- 
ing taken sufficient ‘account of the cha- 
racter of the costs of electrification, can 
only see the large expenditure on instal- 
lation, and do not notice the change in 
the character of the costs. 

The objection might be raised, it is 
true, that it is not in the power of a 
railway management to increase the 
traffic at will in order to attain the de- 
‘gree of activity that is the most profi- 
table to the undertaking, because, owing 
to external influences entirely outside 


their control, the traffic is. limited to @ 
certain quantity. But this is only rela- 
tively true, becauise there are undoubt- 
edly, large reserves of profitable traffic 
which could be attracted and brought 
on to the Swiss Federal Railway System 
by special low rates. It must not be for- 
gotten, on the other hand, that automo- 
bile transport has become a_ serious 
competitor to all railways and is a com- 
petitor with which the electrified rail- 
way can, by reason of the large reduc- 
tion in its unit costs as the degree of 
activity increases, carry on the struggle 
much better than a steam railway. The 
basis of the tariff policy, for improving 
the efficiency and enabling the rates to 


be reduced, should be supplied by a ~ 


very thorough investigation into the com- 
position and character of tthe costs, and 
this analysis should be made by taking 
the results of the theory, set forth above, 
as the starting point. 
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Translation of German term: 
Kohlenpreis = Cost of coal in Swiss frances per metric ton, 


Our graphical diagrams 
(figs. 1, 2 and 3) do not only show for 
what cost of coal and for what degree of 
activity electric traction is more eco- 


of costs 


nomical (equivalent cost); but they also — 


teach us what degree of activity must be 
_ reached to obtain good financial results 
with the probable receipts determined 
by the tariff. ‘ 

Whereas the first of these two cases, 
which depends upon the equivalent cost 
of coal being ascertained, only comes 
into play when it is a question of decid- 
‘ing whether steam traction or electric 
‘traction is more economical, and has 
only a historical value at the present day; 
the second leads to the heart of the ques- 
tion which, as in all industrial enter- 
prise must be of primary importance in 
the management of the Swiss Federal 
Railways; the improvement in the finan- 
cial results by increasing the activity, or, 
as is rather the case here, the reduction 
of the freight rates without reduction of 
the efficiency. As the Swiss Federal 
Railways fortunately have no need to 
adopt any policy relating to dividends, 
what we understand in this case by effi- 
ciency is the net product necessary for 
the normal service of interest and re- 
demption of the original capital, after 
deduction of all other expenses. We 
shall take up this question of -railway 
expenditure later in conjunction with 
other questions, but in the first place we 
shall enlarge and develop our theoretical 
basis. : 


Limits of application of the curve 
of total ‘costs. 


i oe 


The fact that the curve of total costs 
is only of limited application must not 
be overlooked : this is clearly shown by 
the example of the costs of electric trac- 
tion given above. 

It is not possible in this case to in- 
crease the traffic at will without increas- 
ing the number of locomotives, 

Whereas a heavier consumption of 
current or a greater demand made on 
the staff shows itself immediately in the 
increasing costs and does not sensibly 
affect the form of the curve of total costs, 
‘increase in the number of locomotives 


Sarees 


brings with it an increase in the fixed 
costs when the activity: is greater than 
zero. A new curve of total costs results 
from this. 

In our « Principles of the science of 
industrial costs >» we have drawn atten- 
tion to the great difference that exists 
between the cost of production and the 
cost of preparation. As we show in 
figure 4 the total costs of production 
may be divided into two parts; on the 
one hand the fixed costs of preparation 
(these costs are always fixed); on the 
other hand the fixed costs and increas- 
ing costs of production properly so 
called. Now a single curve of total costs 
only holds true so long as the costs of 
preparation do not change. On the 
other hand the cost of production may 
change in composition and character 
without affecting the validity of the 
curve of total costs. 

Let us now suppose, for example, that on 
a railway worked by electric traction the 
locomotives available allow the traffic to 
be increased up to the degree of activity 8 
of the scale. The costs are represented 
by the curve of total costs a and the cor- 
responding curve of unit costs a’. If it 
is desired to increase the traffic beyond 
the degree of activity 8 and if it is not 
possible to obtain new locomotives, the 
only course open is to hire them. The 
original costs of preparation are not 
changed by this, because the hiring of 
these locomotives is shown only by an 
increase, in steps, of the fixed costs of 
production (or rather, in the case with 
which we are concerned, <« of the work- 
ing ») corresponding to the degree of 
activity 8. We thus learn of a new pro- 
perty of the costs; the increase by steps 
of fixed costs, which, however, only ap- 
plies to the costs of production, More- 
over it may be foreseen that the cha- 
racter of the increasing costs will also 


change, because, on the assumption that 


there is regular working carried on 
harmoniously, the generating stations 
will in turn no longer suffice and it will 
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be necessary ito have recourse to high- 
priced current supplied by private com- 
panies. Finally a heavier wages cost 
must be expected, so that the variable 
costs rise more rapidly above the degree 
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Translation of German terms: Beschaftigungsgrad = Degree 
of activity. — Kosten = Costs. — Gesamtkosten = Total 
costs. — Bereitschaftskosten = Costs of preparation, — 
Hinheitskosten = Unit costs. 


of activity 8. All this is shown graphic- 
ally in figure 4; here will be seen the 
rise by steps of the total expenditure 
curve at the degree of activity 8 and its 
more rapid subsequent rise (curve of 
total costs a, curve of unit costs a’). 

If, on the other hand, the railway in- 
creases its number of locomotives and 
enlarges its generating stations so as to 
meet the increase in traffic, in other 
words, if it has invested new capital, the 


costs of preparation increase and we ob- 
tain a new curve of total costs b which 
begins above the curve a but without 
any jump or change of inclination and 
haying passed the critical degree of acti- 
vity 8, falls again below, that is to say 
it becomes more profitable. From the 
corresponding curve b/ of unit costs, it 
can be seen more clearly that though 
the reinforcement of the existing means 
of action of the railway, effected by a 
new investment, involves an increase of 
unit costs for a smail degree of activity, 
it gives rise to a reduction of unit costs 
and is consequently economical when 
the activity increases. The same fact 
may be expressed by stating that the 
curve of total costs a corresponds to har- 
monious working. up to the degree of 
activity 8, and the curve of total ex- 
penses b corresponds to a working that 
satisfies all the requirements and is eco- 
nomical even beyond the degree of acti- 
vity 8. 

Perhaps it is not unnecessary to draw 
attention to the fact that a rise in the 
degree of activity which has the effect 
of a progressive. rise in tthe total costs 
only tends to diminish the costs when 
it is large. In our example, figure 4, the 
unit costs only drop after the degree of 
activity 11 below those corresponding 
to the degree of activity 8. In the gra- 
phical diagram of the total costs will be 
found the degree of activity that must 
be attained to bring about a further re- 
duction in the unit costs, by drawing a 
straight line from the origin, < O » pas- 
sing through the point S of the total costs 
at which the jump commences. The 
straight line OS then cuts the curve of 
total costs a again at the point S’; from 
this point the unit costs again become 
smaller. 

This purely theoretical discussion has 
taken us somewhat outside the scope of 
our investigations. This is because, the 
more closely one examines the dyna- 
mical side of costs of production, the 
more imperative becomes the need for 


arriving at a clear appreciation of the 
theoretical basis which at present is far 
from being sufficiently well understood. 
_ But we find with pleasure that individual 
researches on this subject of the science 
of cost are increasing (1) and with them 


the possibilities of investigating and com- . 


pleting the theory. Industry will ac- 
quire abundant profit from this scien- 
tific work; it has every reason to take 
part in and assist researches of this kind. 


Ill. — Theoretical basis of rate-fixing. 


The value of transport from cne place 
to another forms the upper limit and the 
net cost forms the lower limit outside 
which the rates should not go. In this, 
or-in an analogous manner, most of those 
who deal with railway rates have stated 
the bases of their schedule of rates. 


Hence they have established a principle 


which is directly applicable in spirit to 
the general problem of industrial prices 
and amounts to the statement that in the 
long run it is not possible to sell a pro- 
duct below its net cost price. The Act 
of the 30 August 1924 relating to the 
Imperial German Railway Company con- 
tains the statement under paragraph 2, 
on the same question: « The Company 
_ is required to carry on its working on 

commercial lines while safeguarding the 
interests of the German nation. >» 

One is obliged to recognize the fair- 
ness of this leading idea for the whole 
of a railway transport service that is not 
devoted to exclusively private uses, and 
at the same time admit the necessity for 
accurate calculation of the net cost. A 
mass of written matter shows us how far 
the problem of net cost occupies railway 
specialists, without its being at the pre- 
sent time considered as completely 
solved. 


(4) See Technik und Wirtschaft, 3rd part., 1925, 
the article by the Certificated Engineer Hubert 
Drausfeld : dus der Dynamik der Preise (Note on 
the Dynamics of costs). 
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Our modest contribution, as we men- 
tioned at the beginning of this note, 
has been made with no other object than 
that of verifying the results of the gen- 
eral science of costs in this particular 
case, and of pointing out certain pro- 
perties of railway costs that appeared to 
us to be of peculiar interest. Perhaps 
we shall succeed in causing further in- 
vestigations to be undertaken and gain 
fresh sympathy for this general doctrine 
that uses scientific methods. 


Up to the present we have been oblig- 
ed to confine ourselves to relatively 
small portions of the total costs, that is 
to ithe costs of traction. Now it iis evi- 
dent that-if one wishes to go deeply ints 
the problem of the railway costs the 
whole of the expenses must be consi- 
dered. 


The first question that arises then is 
this : what is the cost to us per ton-kilo- 
metre for goods and what is the cost per 
passenger-kilometre ? These are the 
two coefficients of expenditure and one 
of the principal tasks, in determining 
the railway costs, consists in compiling 
all the costs and distributing them be- 
tween these two groups. Railway costs 
have a very important property : they 
consist of general charges only; in other 
words, amongst all the elements of the 
total expenditure costs, we do not find 
a single one of which one knows from 
the commencement to which group of 
expense it belongs. An error made in 
the distribution of general charges has 
greater effect in this case because these 
costs represent 100 % of the total costs, 
whereas in many industries costs such 
as those of materials of construction and 
wages of manufacture, which can be 
determined and distributed with cer- 
tainty form the greater portion, so that 
the chances of error are rendered 
smaller. 


It will be necessary therefore to study 
the composition and character of rail- 
way expenditure very carefully, noting 
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beforehand that the total of various in- 
dividual costs depends on factors that 
are hardly. discernable in the ton-kilo- 
metre or the passenger-kilometre. When 
it is a question of building locomotives, 
for example, a certain relationship be- 
tween the general charges and the total 
wages, by which the degree of activity 
is often expressed, may be taken as true. 
This factor is also found in the coeffi- 
cient of expenditure under the form of 
direct wages so that the distribution of 
general charges on this basis is com- 
paratively easy. 


The formula that serves for calculat- 
ing the unit cost, a formula which can 
well be applied to mechanical construc- 
tion and to many other industries is in 
its simplest form the following : 


Materials of construction + direct 
wages + General charges as a percent- 
age on direct wages == Cost Price. 


For a railway service where the direct 
wages and the cost directly determinable 
for material are not available, the for- 
mula for calculation is still more simple: 


That part of the group of rates which 
comes into the total or general expendit- 
ure divided by the unit rates = the 
cost price. 


The total expenditures and the number 
of unit rates are a function of the degree 
of activity; their determination in ad- 
vance rests on estimates based on sta- 
tistical data and theoretical considera- 
tions relating to the costs and necessari- 
ly includes an element of uncertainty. 
The difficulty of the problem of the 
cost price on a railway depends above 
all on a good understanding of the inter- 
dependence between the total costs and 
the degree of activity. 


Before going further, it will be well 


to take a brief survey of the composition 
of the total costs of working a railway. 


Apart from the costs of working, proper- 
ly so called, which in accordance with 
the requirements of the « Federal law 
relating to the account-keeping of the 
Swiss Railways » are divided as fol- 
lows : 


1. — General management; 


2. —- Maintenance and inspection of 
the track; 


3. — Station and train services; 


4. — Traction and running-shed re- 
pair-shop services; 


5, — Miscellaneous expenditure. 


the total costs necessarily comprise 
charges on the capital as well which we 
extract from the profit and loss account 
and may be expressed as follows : 


6. — Interest on loans and floating 
debts, subject to deduction of the total 
capital not in use and to deduction of 
receipts from auxiliary services not 
directly connected with the working of 
the railway; 


7. — Repurchase, redemption, and the 
balance left from the renewal fund after 
meeting the liabilities. 


In table I below we have shown as an 
example these details of costs taken from 
the report of the Rheetian Railways for 
the years 1921 to 1923. It is to be noted 
that no» interest on the share-capital 
appears in these various headings. 


The heading <« Repurchase and re- 
demption payments » could not be re- 
produced in its original form in the 
profit and loss account because the 
effects of the change from steam traction 
to electric traction and of the slump still 
made themselves clearly apparent by fi- 
gures that changed by sudden jumps and 
did not depend on actual reductions in 
value. It would moreover take too long 
to give our theories in full, though they 
approach very closely ito the actual con- 
ditions, mek . 


re 


Ton-kilometres (English ton-miles) 


Swiss Fraucs. 

General Management. . . . . 280 000 

Maintenance and inspection. 1 551 847 

Station and train services 1728 947 
Traction service and running-shed 

repair-shops . eect 3 361 646 

Various expenditure . 627 145 

Interest on loans . : 3 006 761 
Repurchase and redemption pay- 

PMOMUSi seh he eke eahe | sh ae ee 814 033 

| Total expenditure . 44 367 571 

| Ratio to total expenditure 4.00 


132 672 000 


ee 


TABLE J. 


Total costs of the Rhetian Railways for the years 1924 to 1923. 


a 
ALLOCATION. | 1921 | 1922 | 1923 | 
(SSE TS 


s 


09 -§ Swiss Francs. Og Swiss Francs. Oy 
25 282 823) 2.4 278 337 2.4 
13.6 1513513 | 12.6 4321908} 14.4 
45.2 1 765 618 | 14.8 4657 153 | 414.2 
29.6 3 140.9384 | 26.4 2 880 558 | 24.8 
5.5 706 444 5.9 648 929 5.6 
26.5 3 667 199 | 30.7 3,930,764 | 33.7 
ise! 860 669 Ta2 920 000 | 7.9 
100.0] 41937200 | 100.0] 4141 637 646 | 100.0 
1.05 4.02 
158 617 399 178 363 483 
CALILEO de ie Seve cc (81 138 000) (97 005 369) (109 081 449) 
Train-kilometre~ (traiu-miles) run. 1 107 488 1 309.562 1 446 745 
; (688 174) (813 738) (898 981) 
| Miratiie receipts «sore Gt ALO 24 894 9 470 428 10 390544] ... | 


This table and the diagram given in 
figure 5 show in the first place that the 
total costs are remarkably constant for 
the three years in question whereas the 
traffic in ton-kilometres and in train- 
kilometres, has undergone greater varia- 
tions. It will be seen, moreover, that 
the composition of the total expendi- 
ture has also not varied greatly. A cer- 
tain change over however, appears; the 
costs of traction and running sheds 
diminish and the amount paid in interest 
on capital increases year by year. 
These differences show that as a conse- 
quence of the progress of electrification 
there is a reduction in the costs of 
working and on the other hand there are 


heavier capital charges due to the elec- 
tric installations. If, by a large invest- 
ment, economies are effected in work 
ing and, on the other hand, the increase 
of interest and renewal of capita 
charges are neglected, an inaccurate 
result is obtained that is much too 
favourable. 


It would therefore be an error to 
proceed with. theoretical researches into 
the costs by taking the cost of working 
as the sole basis; similarly, the custom- 
ary comparison of the coefficients of 
working has not much value, but, on the 
contrary, may lead to false conclusions. 
Thus, for example, using the figures in 


Total 


Yerzinsung 
5667 


Fahrdienst u. Depotwerkst 
3141 


Millionén Franken =——— 


Stationsdienst u. Zugsbeglertun 
4729 1766 IGSOEGEI UI 9.657 
| 
Unterhalt u Bewachung ¢ Baba 
1513 


cAiigemeine verwaltun 
7 EE: 0275 


1923 1922 1923 


1921 1922 1923 


Fig. 5. — Graphical diagram of the costs given in Table I. 


J ranslation of German terms: Allgemeine Verwaltung = General management. — Fahrdienst u. Depot- 
werkst. = Traction service und workshops at running-sheds. — Stationsdienst u. Zugshegleitung 
= Station and train services. — Tilgung u. Erneuerung = Repurchase and redemption, — Unterhalt 
u. Bewachung d. Bahn = Maintenance and inspection of the track. Verzinsung = Interest. — 
Verschiedenes = Various, — Millionen Frauken = Millions of Swiss franes. ~ / 


table I, we find the following ratio be- 
tween the total costs and the receipts 


Total costs, per cent of receipts of working . . 


Cost of working, per cent of receipts from working = ccefficient 


of working) o-s Gor cat iske nie 2a 


The report of the Swiss Federal Rail- 
ways for the year 1924 has, moreover, 
indirectly shown this inherent defect in 
the coefficient of working. In 1924, the 
coefficient of working of this railway 
system closely approached that of 1913. 
It was 67.25 % as against 66.94 % in 
1913. But, on the other hand, the 
amount paid in interest was increased 
by 47700000 fr. so that the real ratio 
between expenditure and revenue in 
1924 is still far from having reached the 
favourable level of 1913. 

The striking uniformity of the total 
costs of the Rhetian Railway in three 
consecutive years cannot be quoted as a 


from working, with coefficients of work- 
ing as follows : 


1921 1922 1923 
Sees, 112.27 126.05 112.00 
ae yt 74.56 78.24 65.82 


definite argument in favour of the ob- 
viously very small total costs as compar- 
ed with the degree of activity. It might 
happen that other factors, such for 
example as large changes in wages or 
cost of materials had caused this 
remarkable compensation and made the 
result unreliable. It would therefore be 
necessary, in order to prove it, to refer 
all the expenditure of the three years 
under consideration to a common basis. 
We may, however, proceed otherwise so 
as to take account of the character of 
these total costs. A first glance at the 
balance-sheet, which gives in great 
detail the figures in the report of the 


_ Rhetian Railway Company enables us 
_ to come to the following general conclu- 
sions: : 


I. — The expenses of Genera! Manage- 
ment are fixed, that is to say they are 
independent of the degree of activity. 


Ii. — The costs of mainlenance and 
inspection of the track are also fixed 
_ for the greater part, but may be increas- 
ed slightly when the traffic becomes 
more heavy. 


Ili. — The costs for the station ser- 
vice are nearly fixed, and those relating 
to the frain service vary to some extent 
with the traffic. 


TV. — The details of the costs that in- 
crease most with the traffic are found 
in the fraction service, and, to a less 
degree, in the running-shed workshops. 


VY, VI, VII. — The headings Various 
expenditure, Interest, and Redemption 
only contain fixed details for the greater 
part; it should, however, be noted that 
these figures are not taken direct from 
the accounts, but that some of those we 
have obtained are estimated. 


et eo ee 


To make the preceding easier to un- 
derstand we shall try to supplement 
these theories by numerical examples, 
taking the year 1922 as a basis, for 
which we have estimated the character 
of the costs as shown in table II. 


Although this division into fixed costs 
and increasing costs is not based on a 
detailed analysis of costs, an analysis 
that could only be made by an official 
of the railway, but by simple estimating, 
the reasoning is nevertheless sufficiently 
close to enable us to state that, in the 
working of the Rhetian Railways, the 
_ fixed costs represent at. least 90 % of 

the total costs; and this helps to support 
our hypothesis that, in lhe working of 
a railway the total costs are in great part 
independent of the degree of activity, a 
conclusion that is of great importance 
in tariff policy. 


‘number of ton-kilometres 


— 547 — 


We shall now show this result in the 
form of a graphical diagram and at the 
same time give the unit costs corres- 
ponding to different degrees of activity 
(fig. 6). As a measure of activity we 
have for the moment chosen, the < ton- 
kilometre charged » a unit that expresses 
the efficiency with a sufficient degree 
of exactitude. The details of total costs 
that depend on the degree of activity 
are shown proportionally; this is also a 
hypothesis which it will be necessary 
to make clearer by a detailed analysis of 
the costs. 


The hyperbolic form of the curve of 
unit costs shows clearly to what a great 


extent this cost depends on the degree 


of activity, and shows the possibility of 
improving the latter by a reduction of 
tariffs and thus covering the total ex- 
penses rather than by means of high 
tariffs and small traffic. In support 
of this assumption we will take an 
example: The rates correspond to act- 
ivity 9 and consequently if this degree 
is reached, the rates will suffice to cover 
the total costs exactly.. But in_ conse- 
quence of excessively high rates, the 
traffic slackens and we only attain an 
activity of 8. The loss is then in round 
numbers 1070000 fr. By reducing the 
rates by about 10 %, one obtains an 
appreciable improvement in the degree 
of activity; when activity 9 is reached 
the loss is still the same as it was before 
for degree 8. But as, owing to the 
cheaper transport, the traffic sontinues 
to increase, activity 10 is reached so that 
the two objects of the rates : recovery of 
the cost price and protection of the na- 
tional interests are secured. The form 
of the curve shows moreover how a 
deficit is to be feared when there is a 
poor degree of activity. 

If now we consider that a definite 
for which 
payment has been received may consist 
of an infinite number of variations ‘n 
passenger-kilometres, in !uggage-kilo- 
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TABLE LI. 


Total costs of the Rhetian railways for the year 1922. 
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Expenditure Expenditure 
inde; end rt dependent 
of degree on degree 
of activity. of activity. 
ee rr rn el 


ALLOCATION. 4 Total. 


Swiss franes. | Swiss francs, Swiss frances. 


I. General management . . . . . 2 2... 282 823 282 823 
IJ. Maintenance and inspection of the track : : 
A. Salaries and wages, including supervision. . TTA 267 TUL 267 
B: Incidental expenditure >. 2... =) Baca 95 969 55 965 
C. Maintenance : ‘ 
4. Below the road-bed 40 fees ce eee 214 780 214 780 sat 
2. Above theroad-bed . . 223 217 200 000 23 247 
8. Bridges, tunnels and mechanical installa- BY ; 
tions, . 2 ot ee Cea 66 472 66 472 
4. Signals and telegraphs Ge Pn EE Me 49 932 49 932 
5. Removal of snow andice . . . .. . 134 880 134 880 
III. Station and train services : 
A. Salari¢s and wages : 
4; “Rumming stall, fac oe Sie meee 62 925 50 000 42 525 
2. Station staff Pans Pact ents sera genes 1 223 388 1 200 000 23 388 
3. Tran istaiiis* ate, see ee enc ko eae 369 952 300 000 69 952 
B. Incidental erprnditure .-. . -. . . +. 109 753 400 000 9 753 
IV. Traction service and workshops at running-sheds : 
A. Salaries and wages : : . 
4. Supervisory traction staff2 7. . 9. - 0 838 60 838 eee 
2. Train staf "7g ap 847 027 800 000 47 027 
3. Equipment and cleaning Sites ach 203 102 160 000 43 102 
Bo incidentaleapendttnire., sa tiea kin. ere 75 209 75 209 oon 
C. Stores and Seige tee: E 
{Muelle 5 < eee Sega See. ct Vay Cer 96 416 60 000 36 116 
2s Blectric<enereny< name tens beets ee ee 843 159 500 000 343 159 
3. Oil and light ‘Nese 41 709 30 000 44 709 
D. Maintenance and renewals of echaitteas Saal Sr ane és 
| electrical installations . . ; ena 59 060 59 060 
}. Maintenance and renewals deeellcng pred Shon 
A. Steam locomotives... weenie acne t 57 505 40 000 17 505 
Rorbilectnic locomotives. i) aaeemern emeneLe 388 939 300 000 88 939 
3. Pa:senger carriages. . iRcotae thee 238 305 480 000 958 305 
4. Luggage vans and goods wagons. . . . 225 542 180 000- 45 542 
5. Vehicles for internal service . . . . . 4 423 4 423 se 
V. Various expenditure : 
A. Rents of farms and buildings . + . . . . 14 084 14 084 
B. “Other ‘eapendiure:.. 3 ee ee ae 692 360 692 360 oh 
Total working expenditure. . . . . . .} 7 409332 6 579 098 830 239 
Ration ie aye iG 100 SQ 14 
VI and VII. Interest and redemption : 4527868 | 4527 868 : 
Total expenditure. . .{ 44937200 |- 11406961 | 830239 
Ratio. ee 100 93 Bet 


‘ + . 5 

metres and in ton-kilometres of goods, 
_ and if we consider, moreover, that the 
_ magnitude of these details of costs that 
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Fig. 6. — Graphical diagram of the costs 
{ of the Rheetian Railway in 1922, as given in Table II. 


} 
Translation of German terms : Beschaftigungsgrad in Mill. 
t.-km. Nutzgewicht = Degree of activity in millions of useful 
) ton-kilometres. — Einheitskosten pro Nutztonnenkilometer 

= Unit costs per useful ton-kilometre. — Fest = Fixed. — 
Kosten in Franken = Costs in Swiss francs. — Steigend 

= Increasing. — Tarifeinnahmen — Receipts. — Ueberschuss 
= Surplus.— Gesamtkosten = Total costs. — Verlust = Deficit. 


are a function of the degree of activity 
depends on several factors that differ 
entirely amongst themselves; train-kilo- 
metres, locomotive-kilometres, axle-ki- 
lometres, gross ton-kilometres, etc, etc., 
it will be seen how great is the difficul- 
ty of finding a common standard that 
will serve to measure the traffic and at 
the same time determine the amount of 
the total costs. We-here find ourselves 
met by the essential- problem of the 
theory of railway costs, the solution of 
which is perhaps rendered easier on 
finding that a single variable, and one 
that is quite obvious, enables us to 
eliminate the greater number of these 
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unknown quantities: this variable is 
the time-table. 

Determined in advance for each year 
the time-table gives, at any rate in times 
of normal activity, the kilometres run 
by locomotives, by trains, and other 
transport, as well as the number of axle- 
kilometres obtained from the usual make- 
up of the trains. The corresponding 
dead load in ton-kilometres is determin- 
ed thus once for all, whereas the useful 
load may rise from 0 to a maximum — 
possible value a. The increasing traffic 
might be ensured beyond a without in- 
creasing the number of the trains and 
their mileage by merely modifying the 
make-up of the trains, that is to say, by 
increasing the number of axles per train 
and hence the number of axle-kilo- 
metres; let b, in ton-kilometres be the 
limit. A new increase in the traffic from 
b to c ton-kilometres then requires a 
greater number of trains. 


We have tried to show these condi- 
tions graphically in figure 7, and we 
find the following: The _ train-kilo- 
metres remain the same as far as b and 
continue afterwards in steps. The axle- 
kilometres remain the same from 0 to a 
and continue afterwards by steps; the 
dead load (in ton-kilometres) is constant 
up to.a and then increases by successive 
jumps with the axle-kilometres. The 
total load or gross load, which is the 
sum of the dead load and the useful load, 
serves to measure the degrees of activity 
a, b and c. 

It should be noted that the ton-kilo- 
metres of useful weight that serve as a 
measure of the activity are not the same 
as, but are less than the useful ton-kilo- 
metres theoretically possible that would 
be obtained by multiplying the load per 
axle by the axle-kilometres. In fact all 
our investigation has had as its object 
the predetermination of the cost price 
with a view to’ fixing the tariff rates, 
and should not be based upon the heavi- 
est possible tonnage carried, but on the 


— 550 — 


tonnage that may reasonably be expect- 
ed. 


complete utilization of the carrying 


Normaler Fahrplan 


Ft nate wee ne nn ne wenn ene en ee 


Zugskilometer 
—— 


Achskilometer 
eee 


Tonnentilomerer 
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Consequently one cannot expect 


capacity of the trains for the whole of 
the train-kilometres provided according 
to the time-table. 


Vvergrosserung Vermehrung 
ger Zige oer Ziige 


Beseha/tigungsgred in Nutztonnenkiomerer 


Fig. 7. 


Translation of German terms: Beschiftigungsgrad in Nutztonnenkilometer = Degree of acti- 
vity in millions of useful ton-kilo metres.— Achskilometer = Axle-kilometres.— Zugskilometer 
= Train-kilometres. — Normaler Fahrplan = Normal time-table. — Vergrisserung der Zige 
= Increased length of ‘trains. — Vermehrung der Ziige = Increased number of trains, — 
Nutzgewicht = Useful load. — Totes Gewicht = Dea load. 


The graphical diagrams showing train- 
kilometres, axle-kilometres and ton-kilo- 
metres show that the variable costs that 
we have still supposed te be propor- 
tional in figure 6 will, according to ex- 
pectation have a progressive character. 
Within ‘the limits of the normal time- 
table from 0 to a, the costs will hardly 
increase, that is to say they will not in- 
crease except under the influence of an 
increasing useful load; it is in the sec- 


tion a-b which, moreover, will be much 
smaller in proportion to 9-a than we 
have drawn in our diagram, that the 
progression commences which continues 
beyond b.. Generally speaking the in- 
fluence of the elements of variable costs 
on the total cost is not very large be- 
cause they only form a small percentage. 
On the electric railways that have their 
own generating stations the expenditure 
on current also has an almost fixed 
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; character, so that these undertakings are 


extremely sensitive to fluctuations in 
the traffic. 
The absolutely essential division of 


the total expenses into costs of passenger 


transport on the one hand, and goods 
on the other, cannot be determined by 
the accurate analysis of the composition 
of the cost alone. For a great number 
of details of expenditure one may, it is 


true, determine definitely into which 


eategory they must be placed; others, on 
the other hand, such for example as the 
costs of general management and mis- 
cellaneous expenses must be divided 
arbitrarily, whereas the part for which 
the construction of the railway comes 
into the establishment costs, as well as 
the cost of maintenance and inspection 
of the track, may be very fairly separat- 
ed and divided in the ratio of goods 
axle-kilometres to passenger axle-kilo- 
metres, Here other reasons, perhaps of 
an economical order make the balance 
turn in favour of one group or the other. 
It is obvious that we must not conclude 
from this statement that the method is 
defective, because the theory of costs 
should never be regarded except as an 
accessory to economical considerations. 

Once the division of the costs between 
the passenger traffic and the goods traf- 
fic has been made, it is evidently no 
longer possible to adopt the number of 
useful ton-kilometres for the passenger 
traffic as the measure of the degree of 
activity; it would be necessary to re- 
place this by the passenger-kilometres 
to which the useful weight necessary for 
the determination of the total cost will 
be proportional. 

The total of the probable receipts 
from rates will be obtained for a degree 
of activity determined by estimating, 


with the help of statistical data, concern- 
ing the proportions of 1st, 2nd and 3rd 
class passengers and the lengths of their 
journeys, or in similar manner that of 
the different classes of goods. Here 
theory must give way to statistics, 


The rates are not necessarily fixed for 
the period of the time-table but for as 
long a time as possible. During the 
length of time they are in force radical 
changes may intervene, not only in the 
time-tables, but also in the details that 
make up the costs. Notwithstanding 
the impossibility of modifying the prin- 
cipal articles relating to the rates the 
total expenses should be calculated 
afresh for each new time-table by ana- 
lytical methods based on the results of 
statistics and we should then proceed to 
the valuation of probable receipts from 
goods traffic in order to have available 
the necessary information for avoiding, 
as far as possible, by exceptional rates 
the losses that might be feared; in this 
way we shallbe placed in a better posi- 
tion for satisfying the general economic 
requirements without interfering with 
the economical conduct of the undertak- 
ing. 

It may consequently be said for rail- 
ways, as for all other industries, that : 
The problem of cosis is dynamic in 
character and not statistical because the 
unit costs of production are a function 
of the degree of activity. It is therefore 
necessary to know the character of the 
costs in order to be able to guard, by a 
broadminded policy of prices, against 
the influence of variations in the traffic 
and to retain for the undertaking the 
degree of activity which will guarantee 
economic running at the rates that can 
be obtained. 
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One hundred years of railways, 


By Nicotas PAVIA, 


DOCTOR OF ENGINEERING, ITALIAN STATE RAILWAYS, 


Figs. 1 to 6, pp. 553 to 565. 


(Ingegneria ) 


On the 3 July last, on the occasion of 
the 10th session of the International 
Congress at London, England celebrated 
the first centenary of the birth of rail- 
ways. ; 

It was in fact on the 27 September 1825 
that the opening of the Stockton to 
Wilton Park (Dariington) Railway took 
place, an event of which the English had 
already celebrated the fiftieth anniver- 
sary in 1875 by an exhibition, which was 
held near the North Road engine works. 


_ To be precise, it should be pointed out 
that rudimentary railways and engines 
had already been in operation for some 
time for the service of collieries and 
mines. The Stockton and Darlington 
line, however, was the first to be put 
down for the use of the general public, 
and its length was considerable for those 
days (about 10 miles), and it was con- 
structed with double headed rails of 
rolled iron (1), 15 feet long, weighing 


(4) Even today the statement is often heard that 
the line was made up of old rails described as « of 
section of equal resistance » (commonly called fish- 
bellied), and 3 feet long. Stephenson, however, only 
used this type for a short time while he was trying 
to convince his directors of the advantages that were 
to be derived from wrought iron, which the metal- 
lurgist Berkinshaw had succeeded in rolling for the 
first time in 1820. These were more costly (£12.10sh. 
per ton against £6.15 sh. for cast iron), but their 


26 lb. per lineal yard (at £12.10 sh. per 
ton), and partly fixed on oak supports 
cut from old wood taken from ships. 


The trains were hauled by the cele- 
brated engine Locomotion No. 1 (fig. 1), 
and the cost of the line amounted to the 
large sum, for that period, of £250 000. 


There are good grounds, therefore, for 
approximately dating from this time the 
great transformation which took place 
in the method of dealing with transport, 
and which represents with its rigidly 
fixed guiding track the road of modern 
civilisation. Other technical critics, 
however, consider that the more exact 
date of the birth of railways is 8 Octo- 
ber 1829, described by Clark in his work 
Railway Machinery published in 1854, as 
the revolutionary date. This is the his- 
torical and sensational date of the Rain- 
hill trials, where for over a distance of 
30 miles of the Liverpool to Manchester 
line, George and Robert Stephenson 


general utility for the purpose was much greater. 

At last Stephenson overcame the hesitations of 
his board of directors, and had the Stockton to 
Darlington line, as well as later the Liverpool to 
Manchester line, constructed with this kind of rail. 

Steel rails were not used until 1857, after Besse- 
mer had succeeded in producing this metal on a 
sufficiently large scale at reasonable price. (FLaMa- 
cur, conference of November, 1912, and Taytonr’s 
memorandum of 1923). 
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proved their mastery with the nineteenth 
Secaiokt © built by them in their primi- 
tive works at Forth Street, Newcastle. 

This engine, called the Rocket (fig. 2), 

is now preserved in the South Kensing- 
ton Museum at Brompton, and its inge- 
nious mechanical construction contained 
the fundamental principles which made 
a successful, and > have not been’ 
de from up to the present time 

- (tubular boiler and steam exhaust up the 
_chimney).. The work it was able to do, 
its speed and the long distance it was 
able to travel, encouraged capitalists 
oe to then had been hesitating, and 
began the era of a more intense life, 
oe a fever of production and consump- 
oe tended to reduce to a mini- 
in Seceein with a better use — 
with the rudim- 
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sive properties, and his beam engine 
with parallel motion. 

Trevithick, with his practical demons- 
tration of traction by means of steam 
(1804); Papin (1705), who had the in- 
tuition of the utility of superheat; 
Blackett, who in 1811 demonstrated that 
two smooth rails were sufficient to give 
the necessary adhesion, provided the 
load was properly distributed. 

_ Many others might be mentioned, and — 
particularly Timothy Hackworth, who — 
was at first engineer at the Stephensons’ 
works at Newcastle, and later (1827) 
locomotive superintendent of the Stock- 
ton and Darlington Railway, and who 
gave such an impetus to the evolution of 
the important and delicate mechanism 
for the distribution of steam in locomo- 
APYES;. 

Ina remarkable series of articles pub- 
lished in the Engineer of 18 June and 
2 and 9 July 1920 (1), James Dunlop 
_ gives an original contribution to the 
question to this particular evolution 
starting from 1811, when by a curious 
coincidence the first rudimentary loco- 
‘motive (for use at the Middleton mines), 
and the first steamship (the Comet), 
were fitted with valve gears, though it 
is true differently arranged, the one by 
_ Murray and the other by Blenkinsop, but — 
whose action depended en revolving 
- devices fixed to the essential working 
parts of the engines, ae 
- The work sae Dunlop on the subject 


i} Robert ee ‘is a most valuable document dealing 
ni ae cee with historical and pioneer investiga- 


ae 

i ‘Special Pefereice is made to Locomo- 
_ tion No. 1, already referred to, the feat- 
ure of which, from a mechanical point 


Ip- of view, was the adoption of parallel 
n motion which took the place of the fixed 


ee 
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guide bars then in use, and a special 
: Feveeotes gear with loose eccentrics, 


ay Bulletin of the International Railway Con- 
GF Association, March. 4924. . 
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ms , 
aa . 
_ This locomotive, which made its first 
_ journey 27 September 1825, under the 
supervision of George Stephenson and 
his elder brother James, was kept at 
_ work up to 1841, when it was transform- 
__ ed into a stationary engine, and ran in 
this form up to 1857. It was then shown 


-joned above (1875), and finally figured 
last year at the British Empire Exhibi- 
_ tion at Wembley as a tiny ancestor of 
_ the colossal engine the Flying Scotsman, 
- exhibited by the London & North 
Eastern Railway in order to show the 
immense stride that had taken place 
since this light engine, weighing only 
-§ 1/2 tons (pressure 25 to 50 Ib. per 
square inch), up to this powerful 
Pacific engine of the present time, 
-which weighs 23 times as much. Since 
working for the last time, a symbolic 
resting place has been allotted to it on 
a pedestal at Darlington Station. 


mistake has been made in replacing the 
valve gear, which could not possibly 
work as now fixed. 


‘It is therefore difficult to form a 
_ proper idea of the arrangement of its 
motion except after a close examination, 
from which it may be seen that for the 
_ first time use was made of a single 
eccentric working two slide valves dis- 
_ tributing steam to two pistons working 
_ eranks fixed at right angles; also for the 
first time lap and lead were introduced 
(with an angular advance of 19° for both 
running directions). 
_ ‘The first few miles of line which 
comprised the Stockton to Darlington 
_ Railway were speedily followed by the 
' construction of lines from Liverpool to 
_ Manchester (1830), London to Birming- 
ham (1838), and Chester to Holyhead 
(1848). Up to 1830, about 153 miles had 
_ been laid down in Europe, and 55 in 
_ America, which began with the Maunch- 
_ Chunk Railway in 1827. The total mile- 
age of the railways of the world in 1840 
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_ working at the 50th anniversary ment-. 


It should be pointed out that a serious © 
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hhad risen to 4 812, and at the end of 1924 
to 812 500, with a colossal investment of 
capital, if we consider that the last 
estimate given by the Journal of the 
Statistical Society of Paris at ihe end of 
1885 was £5 204 680 662 fer the total 
mileage of 292 337 which existed at that 
time. 


The daily traffic (still in 1885) 
amounted to 6 millions of passengers, 
and 3 600 000 tons of goods. 


The first trains run were neither safe 
nor comfortable. The third class car- 
riages were completely open, and with- 
out seats; the second class were un- 
provided with windows, the doors were 
very narrow — only 17 1/2 inches wide 
— and the seats 15 inches wide, which 
put the poor passengers in a very awk- 
ward position, having to cheer one an- 
other up during a journey. In addition 
should be mentioned the determined 
opposition railways met with from those 
who were bitterly opposed to all inno- 
vations, and these persons were numer- 
ous and not without influence. Thus, 
though there were a few men _ like 
Perdonnet,- who proclaimed from his 
chair in 1832 that the beneficient revo- 
lution which had given « new wings to 
Mercury >» was unavoidable, and would 
influence the world as much as print- 
ing, most people were very hostile and 
opposed to the Railway. Amongst the 
latter may be mentioned the renowned 
historian and _ politician, afterwards 
Prime Minister, Thiers, who in 1834, 
after having visited the Liverpool line, 
said its only use was to amuse loungers. 


Nevertheless what one man by himself 
did not dare to do, ten others leaped 
into the breach under the miraculous 
influence of example, and many people 
began to use the new means of travelling. 


Learned men and doctors, however, 
continued to make it a point of profes- 
sional honour to enumerate and de- 
scribe all the terrible consequences 
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which must inevitably result from this 
foolhardy invention. 

Francois Arago, who later on (1837) 
publicly renonced his former preju- 
dices by giving a splendid tribute to his 
fellow-countryman Mare Séguin, French 
rival to the Englishman H. Booth in the 
invention of the tubular boiler, did not 
hesitate at first to raise the spectre of 
pleurisy, which he said travellers could 
not escape in passing through tunnels, 
even if they were lucky enough to be 
saved from explosions of the locomotives 
themselves. 

Other learned persons foresaw the 
mortal effects that would happen to the 
respiratory organs through the rapid 
passage’ from one climate to another, or 
the starting of nervous complaints due 
to mechanical vibrations, and cerebral 
affections due to the continual appre- 
hension of coming danger, and a perma- 
nent ulterior state of anxious trepidation, 
and the gynecologists predicted certain 
risks as regards abortion. 

The higher classes of society particul- 
arly showed their scepticism concern- 
ing railways. It is sufficient to point 
out that in England, the Duke of Wel- 
lington only used the new method of 
transport in 1842, and Queen Victoria 
in 1843, which places the example shown 
in Italy by Ferdinand II in a particul- 
arly bright light, for he did not hesitate 
quite early (2 October 1839), with all 
the splendour of his court, to ride in the 
inaugural train, the speed of which was 
28 miles per hour, on the Naples-Grana- 
tello-Portici line, which was worked by 
two single wheeled locomotives con- 
structed by Longridge Stobart & Co., of 
Newcastle. This event caused the 
highest enthusiasm amongst the Neapol- 
itan population. 

Everywhere else popular imagination 
gave the new system of locomotion. the 
warmest welcome. Simple refrains cir- 
culated amongst the masses praising the 
railways and making fun of the stage 


coaches, and went so far as to stage a 
revue < made up of mechanism with 
stanzas in steam >». This success, favour- 
ed at the same time by the rapid 
improvement of the rolling stock, in- 
creased to such an extent that about 
1842 the measures taken at first to lock 
the passengers in their carriages for fear 
of their being suddenly frightened by 
the sound of a whistle or the passing 
through a tunnel, which might induce 
them to jump on to the track, were 
suspended. 

So much so, in fact, that finally the 


retrograde mentality of Alphonse Karr, 
who said how annoyed he was. with rail- 


way cuttings « through which one goes - 


but does not travel >, was superseded by 
the poetic ‘and suggestive aspiration of 
Jules Janin, which said « I love the rail- 
way because it brings to us the forest,, 
songs, joyous walks, fresh air, heaven 
and the spring ». This is still to day 
an aspiration in spite of the exigencies 
of the present somewhat high mode of 
living, which embraces the sea, the 
mountains, sports exhilarating and excit- 
ing excursions, an increased esthetic 
culture, so that it cannot be truthfully 
said that the modernism of these hun- 
dred years of fire and flame is in any 
way responsible for the scattering of all 
that was intellectual and sentimental, 
which was denounced for instance by 
Guglielmo Ferrero in his recent insidious 
editorial article in the Jllustration (18th. 
April), an effusion in which he endeav- 
oured to show that it was the ransom 
imposed on humanity for the power 
with which the railways and engines. 
had endowed them. 


In this manner, therefore, railways. 
spread everywhere, climbing the highest 
altitudes, such as the Lima-Oroya pass 
(15 647 feet), passing through long and 
massive mountain ranges (Simplon Tun- 


nel, about 21 700 yards), the success of 


this last effort being due to the new 
method of tunnelling, the first decisive 


step being successfully accomplished by 
the Italians Sommeiller, Grandis and 
_ Grattoni, by piercing the Fréjus tunnel 
(14130 yards long at an altitude of 
_ 4248 feet) in October 1857, when all 
had to be thought out and organised 
_ even against the prejudices of indivi- 
_ duals who believed themselves learned 
and enlightened. . 


After having benefited all the civilised 
_ nations, railways stretched forward into 
the Congo, India, the Soudan, from Pirea 
to Larissa, from Dakar to St. Louis, 
_ with the immense works of the Trans- 
easpian and the Transsiberian, peace- 


waiting to be colonised and civilised 
_ according to modern ideas. 


When the Turkomans first saw the 
_ « Iron Horse », they cried out at once 
that it was no longer possible to fight 
the Russians, because the latter had sent 
circles of iron to subjugate their coun- 
try. It is certain that railways made a 
varied and huge impression on the 
minds of-natives all over the world, and 
they generally received the first locomo- 
tive sent to them with enthusiastic 
shouts of joy. 


» Formerly the usual method of trans- 
_ port was by means of the « Ship of the 
Desert >, namely, the camel the efficien- 
ey of which was very low (about 
2 miles per hour) and necessitated night 
stages, and defence and _ protection 
against raids. Everybody knows. the 
_ terrible difficulties met with in the ex- 
_ peditions to Madagascar, Abyssinia, the 
‘Congo, in the Caucasus, and by Living- 
stone and Stanley when it was necessary 
_ to cross sandy countries without water, 


- up in the midst of savage tribes. It is 
_ only necessary to read the Voyage du 
Derviche tourneur, by Vambery, to learn 
in the clearest way of the sufferings and 
difficulties experienced on these expe- 
ditions. Today railways are establish- 
ed on a sure footing in these districts, 


fully penetrating into new countries 


_ and with obstacles continually cropping. 
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so rich as regards cultivation and pros- 
perous in commerce and industry, The 
old Roman road now uses steam to ~ 
complete the terrestrial harmony be- 
tween the nature of the soil and the 
physico-economic destinies of society 
in order to form new hives of riches and 
new centres of civilisation. There is no 
doubt that in time the audacious scheme 
of crossing the Sahara by a railway will 
eventually be accomplished, the action 
of the slow marching caravans having 
already formed a track dotted with oases 
which always keep green, and the neigh- 
bourhood of which can be transformed 
— at least in Northern Africa — into 
fertile territories. Ancient legends and 
modern discoveries reveal that the 
actual country of thirst and desolation 
has not always been so naked and miser- 
able, and consequently may yet be called 
to a great future, as firmly believed by 
Blane, for instance, in his work Le des- 
séchement du Sahara et lavenir des 
oasis. 


Railways have also changed the phy- 
siognomy of modern warfare, in radical- 
ly modifying the conditions relating to 
the preparations necessary in the strug- 
gles between nations. Armies which 
face one another today are composed of 
hundreds of thousands of men, who 
have to be gathered together, transport- 
ed, supplied with food and ammunition, 
and taken away rapidly when wounded; 
so that the number of problems which 
have to be solved for the successful con- 
clusion of the operations has become 
of considerable importance, as proved 
in the last great war. By their very 
nature railways do not allow of any 
retarding influence, however slight. 
They therefore form the instrument of 
precision best adapted for success in 
war, provided that care has been taken 
in good time — as is now done in all 
states since 1870 — to intimately com- 
bine the military and technical elements. 


In the course of years railways have 
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_ of the future trains, which he said would 
_ be very fast, unencumbered with various 
_ classes, and following one another at 
short intervals with that impetuous 
yelocity which is the < glorious victory 
_ over dull weight >», as pictured by 
_ d’Annunzio. : 

_* Anew state, however, of technical and 
moral conditions is arising and making 
_ itself felt; the conquests of aero-dynamics 


mental theory to the old laws relating 
_ to air resistance (Smeaton, Davis, Aspi- 
niall, etc.), and as constructive practice 
_ bringing about the relinquishing of 
_aetual conditions with appropriate sec- 
tions and surfaces, will allow the new 
_ kind of train to skim the earth with less 
difficulty, and penetrate with less resist- 
ance space at a more prodigious speed, 
_ rushing ahead unremittingly in the di- 
_ rection of progress, from which, after 
__ all, happiness is born. 

While waiting for the accomplish- 
ment of this attractive programme, the 
steam locomotive continues to fulfil its 
beneficent mission, and is continually 
developing, especially in power, up to 
the weight limit with which it-is hand- 
icapped, namely, 18 tons per axle in 
_ Europe and 22 in America. 

From the point of view of simplicity, 
because it works as a self-contained unit, 
it evidently possesses serious advantages 
_ over any other combination made up of 
_ complex elements for propulsion, so 
_ that its moving arrangement of pistons 
has resisted up to now, for this purpose, 
_ all other forms of motive power. 


_ For stationary purposes, it is true, the 
steam turbine and dynamo have to a 
great extent supplanted reciprocating 
_ engines, and the same has happened 
with ships, in which since the first 
_ historical application made by Parsons 
in the torpedo boat Turbinia (1898), the 
benefits from its adoption have been 
found to be enormous and justifiable. 
On the other hand, the struggle taking 


_ transferred and substituted as experi- . 
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place to apply the principle of the tur- 
bine to the locomotive, attempted by 
Behrisch-Orange, Belluzzo, Reid-Ramsay, 
North British Locomotive Works, Ljung- 
strom and Krupp, does not allow us yet 
to form an opinion on the possible suc- 
cessful issue for this new feature, the 
idea of which is seductive on account 
of its numerous intrinsic advantages. It 
should, nevertheless, for the variable re- 
quirements of transport by rail, and in 
the face of climatic conditions and wind 
effects, become at least as practical, 
powerful and economical as the present 
system. 


Another serious competitor to the 
locomotive for over a- quarter of a cen- 
tury has been electric traction, which 
increases day by day in all countries. 


It is worth while recalling that the 
first practical application of this new 
method of transport goes back to the 
small locomotive shown by von Siemens 
at the Berlin Exhibition (1879), and 
rapidly spread in America and Europe 
in the form of installations on urban 
tramways and modest railways of local 
interest with light traffic, and almost 
entirely devoted to passengers. Much 
praise is due to Italy, which is not in 
vain the country of Volta, Pacinotti, 
Galileo Ferraris, in haying made the 
first three trials of electric traction, un- 
dertaken on three systems with heavily 
worked lines (1899-1901). These trials 
drew the flattering attention of foreign 
technicians, so much so that at the end 
of April 1903, 100 English electrical ex- 
perts, accompanied by the eminent Pro- 
fessor Sylvanus Thompson, went to 
Lombardy in order to attend and admire 
the trials that were made, Electric rail- 
ways rapidly extended everywhere, and 
already exercise a great influence. 


The struggle had commenced, but — 
final comparisons were not yet establis- 
ed so that it could be definitely decided 
if and how the new system could take 
the place of ‘the old method of steam 
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traction, in face of which rose a new 
rival in the form of the internal combus- 
tion engine, an improvement by Diesel 
(1894) on the primitive Otto cycle 
(1876) — a prodigious leap which has 
already given to mankind the new and 
marvellous mastery which results from 
automobilism and aviation. 

Whatever may happen, however, the 
steam locomotive has accomplished its 
hundred years of productive activity, 
and the English, as mentioned at the 
beginning of this article, have celebrat- 
ed the occasion in the best possible way, 
gathering together objects of interest 
bearing on the subject. 

These have already been described in 
a very thorough manner by E. L. Ahrons 
in a series of very complete articles 
published in The Engineer, and entitled 
British Locomotives from 1825 to 1924. 
This series of articles, which commen- 
ced on 2 January 1925, and with the 
number of 24 April reached with the 
17th chapter the year 1859, promises to 
be a most valuable compilation of re- 
trospective work in this connection. 

Italy wished also to be worthily re- 
presented at this manifestation, and for 
this purpose the State Railways on the 
one hand, and the collaboration of. the 
historico-technical elements and a Com- 
mittee on the other, with the participa- 
tion of a large number of railway offici- 
als, united together with the object of 
offering a symbolic escutcheon to ex- 
press in a significant way their solidarity 
with the British nation. 

As regards this, it is appropriate to 
call to mind that on previous occasions 
we have already expressed our staunch 
admiration for the two Stephensons. 

In La Concordia newspaper of 17 Oc- 
tober 1850, it is stated that as soon as 
it became known at Turin of the landing 
of Robert Stephenson (15 October, at 
5 p. m., staying at the Trombetta Hotel), 
the Piedmontese engineers covered with 
signatures a subscription list to offer a 


‘measured 4 ft. 11 in. 


dinner < to the man of genius who had 
widened the limits of human power, and 
honoured old England, his native land, 
as well as the noble profession in which 
he had. accomplished such admirable 
work ». Stephenson received the depu- 
tation on the morning of the 16th, but 
declined the invitation on the ground 
that he had to leave early next morning 
on urgent business, but arranged to meet 
his Turin colleagues in the evening, to 
whom in speaking with admiration of 
the public achievements of our country, 
he referred several times to the Ponte 
Mosca (1830), and the huge system of 
irrigation which made Piedmont and 
Lombardy supreme in this respect, and 
expressed his gratitude for the sympa- 
thetic reception accorded to him. He 
left in fact on the following morning at 
6 a.m. for Dusino, — of which we will 
speak later — and arrived at Genoa on 
the 19th, where he embarked for Egypt 
with the object of studying the planning 
of a canal between the Mediterranean 
and Red Seas, as stated in the Corriere 
Mercantile of the 19th of the same 
month, 


Robert Stephenson, who had many 
professional foreign connections, count- 
ed amongst them Italy, where he direct- 
ed the construction of the Leopolda 
« Livourne-Florence » railway, which 
was opened to traffic in successive sec- 
tions from 1844 to 1848. He acquired a 
great reputation for his talent of diseri- 
mination, in addition to his special 
knowledge of locomotives, as shown in 
his determined championship of the 
4 ft. 8 1/2 in. gauge (1 m. 435) between 
the inside edges of the rails, now gener- 
ally adopted, and which is besides a~ 
dimension connected with the tradition 
of the long distant past, since the road- 
way discovered in the excavation at 
Pompeii shows that the distance be- 
tween the wheels of the Roman chariots 
In addition, he 
was a convinced opponent of air power 
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railways,and was the inventor of tubular 
bridges constructed of iron plating, an 
example of which is the famous Britan- 
nia tubular bridge over the Menai 
Straits, 1 512 feet long and 100 feet above 
the highest tides, conditions imposed by 
the Admiralty, and impossible to fulfil 
by means of an arched bridge. He was 
also the originator of the method of 
protecting piles against the pressure of 
ice, which was applied to the Victoria 
Bridge at Montreal. For his indefatig- 
able activity he was awarded at his 
death the greatest honour possible, by 
being interred (1859) in Westminster 
Abbey, in the centre of the southern por- 
tion of the nave, near the grave of the 
great explorer, David Livingstone. 

On the 19 September 1880, through 
the efforts of a committee including 
numerous representatives of workmen’s 
societies, a tablet,reproduced in figure 3, 
was unveiled at the Porta Nuova Station 
at Turin, to the sounds of the railway 
band, which was already in existence, 
and in the presence of the chief railway 
authorities, including M, Colnaghi, gen- 
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“first laid out as it is at present, now 
being longer and with easier gradients. 
_ Formerly,~ when leaving Villafranca 
d'Asti, the line swerved more to the 
right, crossing its present position at the 
23rd mile, and then climbed towards 
the left straight for Villanova, so that 
_ the gradient, which was much shorter 
(less.than 2 miles), was 1 in 40, and 
during the first 18 months had to be 
worked by animal traction on the up- 
ward slope, whilst in the other direction 
the speed of the trains had to be regulat- 
ed by special brake vans. It so happen- 
ed that Robert Stephenson, on the occa- 
- sion of the journey mentioned above 
(1850), was just passing to Dusino, and 
later on tendered for this section and 
constructed four tank engines with six 
coupled wheels (3 ft. 11 5/8 in. dia- 
meter) and inside cylinders, the total 
weight in working order being about 
34 tons. These engines were put to 
work 14 August 1851, where they re- 
mained without change until the end of 
1858. They were commonly called mas- 
todons, and this name in particular, and 
other facts, are described in the Aflante 
di Macchine a Vapore e Ferrovie con 
leggenda (Atlas of Steam Engines and 
Railways with text), by the engineer 
A. Cavallero, Turin, 1870, on pages 340, 
376 and 381. It is easy to show the 
origin of the name mastodon. At the 
end of September 1849, during the exca- 
vations necessitated by the construction 


mammal of the neocene period: and the 
fore-runner of the elephant, was found. 
This was described in detail in the 
Osteografia di un Mastodonte by Profes- 
sor Sismonda, Turin, 1851. Naturally, 
the discovery had a big effect on the 
popular imagination, and the unusual 
name came into common use. Near the 
locality there still exists a restaurant 
named the « Restaurant du Mastodonte >, 
and it is probable also that this name 
was given about the same time to these 
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metal masses which were the first to 
climb the steep hillsides, 

Later on, the same typical name was 
used to designate the huge locomotives 
destined to pull heavy loads up steep 
gradients, such as the famous Mastodon 
engines of 1898 of the Butte, Anaconda 
& Pacific Railway, and of the Southern 
Pacific Railway. 

In the American notation this name is 
reserved for locomotives with ten cou- 
pled wheels and a bogie in front 
(4-10-06). 

During the first months of 1852, a 
scheme was advanced to build a line 
over the Giovi range between Pontedeci- 
mo and Busalla, a section which includ- 
ed a very much longer gradient, much 
steeper, and with sharper curves. Vari- 
ous firms were asked to tender, amongst 
others the firms of Sharp & Stephenson, 
who submitted their proposals. 


Three engineers of the Locomotive 
Department, G. Sommeiller, S. Grandis, 
and D, Ruva, who were given the {task 
of examining the various offers, chose 
that of Sharp with suggested improve- 
ments, but at the same time they advanc- 
ed a new friendly solution, which they 
brought to the notice of the Managing 
director of railways on 30 June 1852, 
and presented a table in which « B.> 
represented the new solution, and « A > 
the improved form of the Sharp engine. 
The different types are classed in the 
order of their respective absolute effici- 
encies, 


Engine B 1 320.26 
— A 1 072.81 
— Sharp. 933.12 
— Stephenson 678.63 


They came to the conclusion that, tak- 
ing everything into consideration, it 
would be advisable to build engine « B > 
because < if on the level adhesion fell to 
a ninth, it would haul in addition to its 
own weight, 80 tons >. 
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This scheme was approved, and the 
above named engineers prepared a spe- 
cification in French with drawings 
complete, and the engines were ordered, 
three from Cockerill’s of Seraing, and 
three from Stephenson. The latter 
agreed to make the engines according to 
the plans received, but declared and 
stipulated very decisively that he, Ste- 
phenson, would not guarantee in any 
way the success of the tractive effort. 
As may be seen in the report of 
2 March 1854, issued by the Chamber of 
commerce and agriculture of Turin, 
who ultimately had to report on the in- 
vention, and in which it is said amongst 
other things that the above mentioned 
engineers <«< had achieved a_ success 


which had never been achieved before, 
either at Semmering or elsewhere >. 

In fact the French engineer Flachat 
was unable to overcome a similar diffi- 
culty on the line from Paris to Saint- 
Germain, and at the Semmering pass, 
which had two gradients of 1 in 40° (so 
less steep than that of the Giovi), and 
on which a special competitive trial had 
ended unsatisfactorily. Later on Engerth 
solved the problem by haying recourse 
to the expedient of toothed gearing. 

The Italian solution (fig. 5) dated 
30 June 1852, was put into service 
18 December 1853, and a patent was 
applied for by the designers under the 
title « Patent relative to a new arrange- 
ment of locomotives suitable for gra- 


The 


dients and curves on railways >». 
application was accompanied by three 
drawings (elevation, section and plan), 
to a scale of 1/16 with dimensions in 
English, and entitled « Articulated en- 
gines for the gradient of Ricco: >, this 
being the name of the torrent running 


parallel to the line: for about three 
quarters of a mile near Pontedecimo at 
the foot of the incline. In the patent 
application, the claim is made as fol- 
lows: <« For the general design and 
arrangement by which locomotives. are 
built up of two similar units, indepen- 
dent, divisible, of ordinary dimensions, 


each unit being carried on four coupled 
wheels, and connected together by 
means of a hinged coupling, which al- 
lows the combination to run on the 
sharpest curves with ease; they can be 
worked by one driver, and by a simple 
change of wheels may be made suitable 
for any ordinary gradient, and to obtain 
the necessary adhesion make complete 
use of the whole of their weight and 
that of their coal, water, etc., in order 
to climb the gradients, and transmit the 
whole of the tractive effort they are 
capable of developing. >» 

On the recommendation of the mem- 
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bers of the physics and mathematical 
section of the Royal Academy of Science 
- dated 12 February 1854, and that of the 
_ Chamber of agriculture and commerce of 
Turin, the patent was granted 23 March 
- 1854, for a period of ten years. 


The priority of this Italian invention 


is mentioned by Loria in Le Strade 
Ferrate (The Iron Roads), Vol. 2, p. 148. 
It is also described by Fadda in his 
Storia dello sviluppo della macchina lo- 
comotiva (History of the Development 
of the Locomotive Engine), p. 46; and 
“py Cavallero in the above mentioned 
book of plates; as well as at a lecture 
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given to the Turin Society of Engineers 
and Architects, 19 July 1868. The 
Rivista Tecnica delle Ferrovie Italiane 
of 1 January 1914, also gave an. ac- 
count, and finally the engineer E. Ehren- 
freund, at a lecture given at Turin 
(1922), under the title « Da Neweastle a 
Torino nel centenerio delle Ferrovie >, 
at which the precise wording of the 
patent was read. The latter is always 
kept for reference with the original do- 
cuments at Turin, by the Piedmontese 
custodians of the archives, 1st section. 
However, up to now some confusion 
appears to have existed, and it is the 


Fig. 6. 


custom for everybody to call the « Mas- 
_todons of the Giovi » those engines with 
four coupled wheels, which were always 
defined as the « Giovi double or twin 
locomotives », and popularly called 
« Mirimacs >. 

It was really only in 1858 that the true 
Mastodons (with six-coupled wheels), 
described above and built by Stephen- 
son, for Dusino, were transferred to the 
Giovi incline with others, made after- 
wards to the same plan, because they 
had a greater weight in addition to a 
larger heating surface and were more 
powerful and at the same time less des- 
tructive to the line on account of their 
better distributed load. Once in service 
on the Giovi they were also coupled 
together back to back (fig. 6) according 
to the Italian method, and kept the name 
« Mastodons of the Giovi » up to 1861. 


About this time some were broken up, 
and others used as shunting engines at 
Turin and Alexandria, whilst a small 
number were kept to assist the heavy 
trains from Villafranea di Asti to Villa- 
nova up till 1873, the year when the lo- 
comotives known as <« quarite >» were put 
into service. On the other hand, in 
1861, a commencement was made on the 
Giovi line to use engines with four cou- 
pled wheels, system Beugniot, which in 
their turn (1873) were replaced by the 
« quinte » built by Sigl de Neustadt to 
the plans: furnished by the drawing 
offices of the Railways of Upper Italy, 
and which mark a decisive step forward 
in the history of powerful locomotives. 
Not satisfied with evolving schemes 
with their own engine stock, the first 
Italian railways struck out on lines of 
their own, such as the famous Vittorio 
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Emanuele locomotive of 1884. This spi- 
rit of initiative has always been one of 
their great merits, and is to their ever- 
lasting honour. 

The Adriatic system, as well as that 
of the Mediterranean, followed in the 
same footsteps, and later on the State 
Railways built at different periods types 
which were distinctly successful. This 
is a fact which His Excellency the Mi- 
nister Ciano stated in very sympathetic 
terms ip the Chamber of Deputies in the 
last sittings devoted to the budget of 
1925-1926, and this authorised declara- 
tion gave a great deal of pleasure to and 
flattered the just pride of our techni- 
cians. 

Concerning the first coupled locomo- 
tives used on the Giovi incline, we re- 
produce the following statement made 
by Cavallero at the above mentioned 
conference on 19 July 1868 :.<« The 
Turin to Genoa railway between Busalla 
and Pontedecimo is made up of very 
steep gradients and sharp curves, the 


Weight of the double engine in working order 
Diameter of pistons. 

Stroke of pistons 

Diameter of wheels . 

Boiler pressure oe 

Heating surface, firebox . 

Heating surface, tubes. . . . . . 

Tank capacity of the two locomotives. 


The priority of this Italian idea in this 
special line is further proyed by a re- 
port of the Academy of sciences attach- 
ed to a patent taken out by Cortese 
dated 22 January 1854, which mentions 
them simply for the sake of reference, 
stating that twin locomotives had work- 
ed regularly on the Giovi incline for 
over a month, and repeated that « the 
celebrated engineer Stephenson would 
take no responsibility as regards their 
success, limiting himself to building the 
engines according to the drawings >. 
This report is also kept in the State ar- 
chives at Turin. 


former as much as 1 in 28, and extend- 
ing a length of 1320 feet. In spite of 
these difficulties we know that this por- 
tion of the railway has been worked for 
a number of years by means of a special 
class of steam locomotives known as 
double or twin locomotives of the Giovi 


incline. These powerful engines, design- 


ed by Italian engineers, amongst whom 
I am pleased to mention and place in 
the first rank one of the members of our 
Society, Commandant Germano Som- 
meiller, consisted of two tank engines 
which carry their own fuel and water. 
They were coupled together by means 
of a hinged coupling, their fireboxes | 
coming back to back. The object of this 
hinged arrangement is to facilitate the 
running of the engine round curves of. 
small radius, and the engines being plac- 
ed back to back make it possible to 
provide only one foot-plate, enabling 
them to be worked by one driver assist- 
ed by two firemen. The following are 
the principal particulars : 


54 tons. _ 
44 inches. 
22 inches. 
3 ft. 6 in. 
118 lb. per square inch. 
150 square feet. 
’ 4 400 square feet. 
880 English gallons. 


The twin locomotives of the Giovi in- 
cline were fitted also with a brake shoe 
which could be lowered on to the. rails 
(fig. 5). This was made of iron, 27 1/2 
inches long, and fitted with a renewable 
sole plate. It was fixed between the 
pairs of wheels and connected up by 
means of links with spherical joints to 
the horn blocks. When not in use it 
was kept at a fixed distance from the 
ground, and the fireman worked it by 
means of a shaft with vertical screw and 
worm wheel and a counter lever, by 
which it was lowered wedge fashion. 

Before concluding this article we 
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1, — 250-H. P. petrol-electric motor rail car. 
Figs. 1 to 4,-p. 569 and 570. 


(Engineering.) 


The car, which was built by the Westing- 
house Electric and Manufacturing Company, 
of East Pittsburg, Pa., operates on the Trenton 
branch of the Reading Company, and makes 
21 round trips on weekdays, and 23 on Satur- 
days, between Trenton and Trenton Junction, 
which are 3.7 miles apart. The average daily 
mileage is 170. The branch includes gradients 
up to 1.1 %, and four station stops are made 
on each run. On three of the round trips each 
day, the car hauls a 110 000-lb. trailer coach 
and also handles the switching of express cars 
at Trenton and-the transfer of a 73-ton ex- 
press car from Trenton to a main line train 
at the Junction. The average time for a 
one-way run between Trenton and Trenton 
Junction is ten- minutes, and with terminal 
stops the minimum time for a round trip is 
24 minutes. The average speed, excluding ter- 
minal stops,’is 22 miles an hour, The car has 
replaced two 2-6-4 type locomotives and one 
coach. The locomotives operated in either di- 
rection, and normally ran round the ears at 
the terminals when changing over. The rail 
car can operate in either direction, and nor- 
mally no shunting of any kind is required at 
the terminals. 

The weight of the car ready for the road is 
90.000 lb., and the live load is some 10000 1b. 
It is 60 feet long over the end sills and 9 ft. 
6 in. wide over the posts, the over-all height 
being 12 ft. 3 1/2 in. The underframe consists 
of two 12-inch channels with heavy cross-m2m- 
bers and is carried on two four-wheel trucks, 
which have 33-inch wheels at 6 ft. 6 in, cen- 
tres, and are spaced 44 ft. 6 in. apart. The 
front truck, which is placed almost directly 
under the generating set, supports approxima- 


tely 60 % of the total car weight. The gen- 
eral arrangement of the car will be easily 
followed from figures 1 and 2. The body 
is of steel, and the passenger compartment, 
which is 35 ft. 10 in. long, has aecommo- 
dation for 50 people on cross seats. A bag- 
gage compartment, 11 feet long by 9 feet wide, 
is provided, The engine compartment is 10 ft. 
8 in. long and contains the 250 H. P. petrol 
engine and direct-current generator and the 
necessary control gear. 

The engine has six cylinders of 7 1/4-inch 
diameter and 8-inch stroke, and develops 
250-H. P. at 1100 revolutions per minute, The 
cylinders, have renewable liners and the valves 
are carried, in the heads, there being two inlet 
and. two exhaust valves for each cylinder. 
Trunk-type pistons are used with four rings 
above the gudgeon-pin, and one scraper ring. 
The crankshaft is carried in seven main bear- 
ings, and has a central oil passage which 
serves for the forced lubrication system. Two 
complete ignition systems are provided by 
means of two high-tension magnetos with im- 
pulse starters and two independent sets of 
sparking plugs. The magnetos are driven in- 
dependently. Fuel supply is by means of 
vacuum feed from tanks carried under the ear, 
The engine is jstarted by means of two motors, 
which are connected in parallel across ithe ter- 
minals of a 32-volt battery, one motor alone 
being capable of starting the engine. A cool- 
ing water radiator is fitted at.the left side of 
the ear as shown in figure 1, the fan which 
forces air through the radiator being driven 
by a motor which is connected across the gen- 
erator and runs whenever the generator is in 
operation, 
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“ment of the master controller closes ae unit 
- switches and also a relay that energises the 


he causes further rotation of the sequence drum 
con- and the opening of the engine throttle. There 
8 is a master controller placed at each end of 


nt the car to permit: operation from either end. 


_ The various auxiliary apparatus include a 

“motor-driven air compressor with a capacity 
c of 20 cubic feet per minute, and two air-stor- 
as tks andr the ‘These serve for the 
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4 100-ton oil-electrie locomotive built jointly 
hb ‘ the Ingersoll-Rand Company, the General 
Electric Company, and the American Locomo- 
tive Company was delivered the latter part of 
December 1925, to the Long Island for use in 
freight and switching service. This locomo- 
_ tive was run under its own power, hauling five 
loaded box cars, one passenger car and a ca- 
 boose, from Erie, Pa., to Greenville, N. J. Re- 
_ cords taken during this run show a consump- 
tion of 473 gallons of fuel oil for a total run- 
ning time of 28 h, 45 m. 


* 


C 


The design and construction of the 100-ton 
locomotive is similar in many respects to the 
_ 60-ton oil-electric locomotive built by the same 
companies and described in the July 1924, 
issues of the Railway Mechanical Engineer. 
One of these 60-ton locomotives has been ‘in 
switching service for some time in the Bronx, 
N. Y., freight terminal yards of the Central 
Railroad of New Jersey. 


The cab of the 100-ton oil-electrie locomo- 
tive is of all-steel construction and extends the 
entire length of the locomotive: Its general 
appearance is similar in many respects to that 
~ of an electric locomotive. The width of the 
cah is 9 ft. 4 in. and the overall length is 
40 feet. The overall height of the locomotive, 
measured from the top of the rail, is 13 ft. 
9 1/2 in. The cab is divided into three com- 
% partments. The central compartment con- 
_ tains the power plant, oil and water tanks, 
control equipment and heater. The two end 
compartments are reserved for the control an'l 
operating apparatus. Clear vision for the 
operator is provided by means of end and side 
__ windows. A hatch is provided in the roof of 
the central compartment directly above the oil 
engines to permit their removal. A smaller 
hatch is also provided in the main hatch to 
_ facilitate inspection. 


‘The major 


equipment consists of two 


2. — 100-ton oil-electric locomotive. 
Figs. 5 and 6, pp. 572 and 573. 
(Railway Mechanical Engineer.) 


- 300-H, P., six-cylinder, four-cycle, Ingersoll- 
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Rand oil engines, operating at 600 revolutions 
per minute, which are located along each side 
of the central compartment and midway he- 
tween the two trucks, and two General Elee- 
tric, type TDC-6, 200-kw., 600-volt generators, 
directly connected to the oil engines. The ge- 
nerators are placed at opposite ends of the 
central compartment in order to secure an 
even distribution of the load. They supply 
current to four General Electric, 600-volt rail- 
way motors which are geared directly to the 
axles. 


The oil engines. 


The oil engines are of the vertical, six-cyl- 
inder, four-cycle, single acting, variable speed 
type having direct fuel oil injection, which is 
effected by means of two opposed spray nozzles 
in each combustion chamber. Oil is delivered 
to the nozzles under pressure by an injection 
pump driven from the main shaft. Ignition 
is accomplished by the heat of compression 


~ only. One fuel injection pump for each engine 


serves all six cylinders. Fuel oil distribution — 
is effected by a distributor timed to admit oil 
successively to the spray nozzles of each cyl- 
inder in the proper firing order. The engines 
are rated for a fuel consumption not to exceed 
0.43 lb. per British horse-power at the rated 
load and speed based on oil containing 
19000 British thermal units per lb. and hav- 
ing a flash point not lower than 150° F. The 
total capacity of the fuel oil tanks is 400 gal- 
lons. 


Each engine is equipped with a self-contain- 
ed, force feed lubricating system. Lubricating 
oil is pumped to the various moving parts of 
the engine by a gear-driven pump located in 
the crank case. Provision is made to filter 
the oil which comes in contact with the cyl- 
inder walls before it is returned to the oil 


. reservoir. 


The cylinders, cylinder heads and combus- 
tion chambers are completely water-jacketed. 
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* Cooling water is circulated by a centrifugal 


pump driven from the crank shaft. The tem- 
perature of the water in the engine jackets is 
regulated by a thermostatic valve which con- 
trols the circulation of the cooling water from 
the engines to the radiators on the roof of 
the cab. 


The engines are started by compressed air 
at approximately 200 lb. pressure, which is 
admitted to each cylinder in succession through 
mechanically operated starting valves. Com- 
pressed air for starting is provided by a 
Mianus two-cycle gasoline driven air compres- 
sor. Three high pressure air storage tanks 
are also provided for retaining a supply of 
compressed air for starting the oil engines. 


_ The electrical equipment. 


The generators are 200-kw., 600-volt, direct 
current, compound-wound, and are separately 
excited. The voltage is regulated by the eur- 
rent demands of the traction motors so that 
the product of this current and the voltage is 
constant for any given engine speed. This 
makes it possible for the full power capacity 
of the oil engines to be applied to the drawhbar 
at any speed of the locomotive, and accounts 
for the relatively large tractive force rating 
of this type of locomotive. 


A 6-kw., 60-volt exciter is mounted on the 
same shaft with the main generator. A 32-volt, 
100-ampere-hour Exide Ironclad storage hbat- 
tery is charged by this exciter in series with 
one of the field windings. The exciter and 
storage battery circuit, which is used for 
lighting and control, is controlled automatic- 
ally by a switch on the main throttle of the 
locomotive. 


Mounted on each of the four driving axles 
is a direct current, series motor of the single- 
geared, box frame, railway type, GE-69-C, man- 
ufactured by the General Electric Company. 
Each motor is supported on its axle by axle 
brackets and bearings, and by the motor nose 
which rests on the truck bolster. The gear 
ratio is 4.375, there being 70 teeth on the 
gear and 16 teeth on the pinion, both of which 
are made of forged steel. 
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The control system. 


The speed and stopping and starting of the 
locomotive is controlled from either end of the 
cab. There are two control handles. One is 
a throttle lever which controls the output of 
the engines and the other is a master con- 
troller, or electric switch handle, which con- 
nects the traction motors in series or in pa- 
rallel for either forward or backward move- 
ment. No rheostats are used in the power 
cireuit. 


In operation, the electric control handle is 
set for either forward or backward motion, 
with the motors in series for speeds below five 
miles per hour, or in parallel for speeds above 
five miles per hour. This regulation of the 


speed and tractive force delivered is illustrat- 
ed by the speed-tractive force curve shown on 
The position of the throttle lever 


the chart. 
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Miles Per Hosr 


Fig. 6. — Speed-tractive force 
curve of 100-ton oil-electric locomotive. 


determines the power delivered by the engines, 
which is transmitted by the generators to the 
motors, automatically adjusting the relation 
of tractive force and speed to the load on the 
locomotive and also automatically changing 
this relation to suit the varying requirements 
of acceleration or the grade conditions. 


Referring to the speed-tractive force curve 
on the chart, it will be noted that the loco- 
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motive develops a tractive force of 60000 lb. 
at 30 %, the factor of adhesion maintained to 
approximately one mile per hour. At ten 
miles per hour’ the locomotive develops a trac- 
tive force of 15 000 Ib. 


The air brake equipment consists of the 
Westinghouse, schedule EL-14, straight and 
automatic air brake. The foundation brake 
rigging is designed to give a total brake shoe 
pressure of 60 % of the weight on the drivers 
with a 50-lb. cylinder pressure. The brake 
eylinder is 18 inches by 12 inches. An air 
compressor for providing air for braking is 
installed in the cab. It has.a piston displace- 
ment, when working against 130 lb, pressure 
and at 600 volts, of 100 cubic feet per min: 
It will deliver air at a pressure of 90 lb. or 
140 lb, per square inch. 

The running gear consists of two four-wheel, 
swivel, equalized trucks, each of which is 
equipped with a cast steel bolster and- steel 
side frames. The side frames are carried on 
semi-elliptic springs to the equalizers which 


Principal dimensions and proportions of Long Island 100-ton 
otl-electric locomotive, No. 401 : 


Builders 


Type. 
Service . : ‘ 
Weights on dvivers : 
Wheel bases : 
Truck 
Total locomotive . 
- Oil engines : 
Number . 
Type . 
Rated ceoacie 
Cylinders, diameter and atvole 
Speed. 
Piston speed 
Fuel . 


Generators : 
Number . 


Type . 


Exciter . 
Voltage, sare 


are in turn carried on the journal boxes. The 
journal boxes are of cast steel, pedestal type 
with A. R. A. bearing and wedge. With the 
exception of the truck equalizers, axles and 
that part of. the traction motors carried on 
the axle, the entire weight of the locomotive 
is spring supported and equally distributed 
over the four pair of drivers. The axles are 
of forged open-hearth steel and have 6 1/2-inch ~ 
by 12-inch journals. 


The locomotive is equipped with Denn aN 
D-1 air operated sanders, arranged to sand 
in front of the leading truck for either direc- 
tion of operation. 

A Peter-Smith water heater and expansion i 
chamber is provided to keep the cooling water ~ 
from freezing when the engines are not operat- 
ing and for circulating hot water through the ; 
radiators in the operator’s compartments. Pro- ! 
vision is also made for circulating hot water t 
through the radiators from the circulating i 
system of the oil engines. 


General Electric Company ; Ingersoll-Rand 
Company ; American Locomotive Company. 

Oil-electric. 

Switching. 

200.000 Ib. 


a a or 


7 ft. 2 in. 
36 ft. 2 in. 


Rs 

Ingersoll-Rand, 6 cylinder, 4 cycle, vertical. 

600 H. P. : 

40 inches by 42 inches. 

600 revolutions per minute. 

1 200 feet per minute. 

Fuel oil. : 


ae 
General Electric, type TDC-6, 200 kw. direct - 
current, 600 revolutions per minute, 600 
volt. ; 
6 kw., direct connected, 60 volt, 
200—750 volts. 
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Motors : 
% Number . 2: 
; Free General Electric, type GE-69-C, 200 H. P., 


Geraci of fuel tanks . 
Length over couplers 
Diameter of wheels. > .. . 


‘= Size of journals 


\ 


Tractive force. 


[on 152.8 (.75) ] 


600 volts. 

400 gallons. 

45 ft. 40 in. 

36 inches, 

61/2 inches by 42 inches. 

60 000 Ib. at 30 °/, factor of adhesion main 
tained at approx. 1 mile per hour. 


3. — First Texas type locomotives. 


Figs. 7 to 11, pp. 577 and 578, 
(Railway Age.) 


During the month of November 1925, ten 
locomotives of a new type were delivered to 
the Texas & Pacific by the Lima Locomotive 
Works, Inc. These locomotives, which are 
known as the Texas type, are similar in the 
principal characteristics of their design to the 
2-8-4 type locomotive, known as the Lima A-1, 
which was first placed in service by the buil- 
der on the Boston & Albany during the early 
part of 1925 and which has since received ser- 
vice tests on several other railroads. Both 
designs include the articulated four-wheel 
trailing truck carrying a large firebox; both 
have articulated main rods, and the cylinders 
in both eases operate at a maximum cut-off 
of 60 %. The new locomotives, however, 


have one more pair of driving wheels, making 
a 2-10-4 wheel arrangement, which increases 
the length of the boiler and the tractive force. 
They also differ from the Lima A-1 in that 
they are fitted for oil-burning service. 


The new locomotives haye a total engine 
weight of 448.000 lb., of which 300000 Ib. is 
on the driving wheels. With a boiler pressure 
of 250 lb. and 60 % cut-off, they “develop 
a tractive force of 83000 Ib., which is in- 
creased to 96000 Ib. when the trailer booster 
is in operation. A comparison of these and 
other of the principal dimensions, with similar 
dimensions of the Lima A-1, is given in the 
following table. 


Comparison of Texas & Pacific 2-10-4 Locomotives with Lima 2-8-4 Locomotive. 


Gylinders, diameter and stroke, in . 
Cut-off in full gear, per cent. . 
Boiler pressure ; 
Weights in working order : 
On drivers 
Front truck » 
Rear truck . 
Total engine. 
Diameter of drivers . 
_ Heating surfaces : 
Firebox and combustion chamber , 
Tubes and flues. . 


2-10-4 2-8-4 
29 by 32. 28 by 30. 
60. 60. 
250 Ib. 240 Ib. 
300.000 lb. 248 000 lb. 
4{ 800 lh. 35 500. Ib. 
106 200 lb. 404 300 Ib. 
448 000 lb. 385 000 Ib. 
63> in. 63 in. 
473 sq. ft. 337 sq. ft. 
4640 sq. ft, 4773 sq. ft. 
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Total evaporating . 

Superheating 

Combined total. 
Grate area . : 
Rated tractive force : 

Engine 

Engine and Doosan 


Factor of adhesion . 


A comparison of the boiler proportions of 
the two designs is also of interest. While in 
total evaporating heating surface and super- 
heating surface the new locomotives differ but 
slightly from the A-1 locomotive, there is a 


material difference in the distribution of the 


evaporating heating surface as between the 
firebox and tubes. The tubes and flues in the 
new locomotives are 1 ft. 6 in. longer than 
those in the’ earlier locomotive, but are fewer 
in number, accounting for the reduction in the 
amount of tube and flue heating surface. The 
firebox, however, including the combustion 
chamber and the two Nicholson thermic 
_syphons, has a materially larger amount of 
heating surface, the proportion of firebox heat- 
ing surface to evaporative heating surface thus 
being increased from 6.6 % in the Lima A-l 
to 9.26 % in the new locomotives, a difference 
which, on the basis of Cole’s ratios, would 
account for approximately 10 % more evapor- 
ating capacity. The increase in cylinder trac- 
tive force from 69 400 lb. to 83 000 Ib. amounts 
to about 19 %. The Texas type locomotives 
will be assigned to the Ft. Worth and Rio 
Grande divisions between Marshall, Tex., and 
Big Springs, a distance of 450 miles. The 
ruling grades on these divisions approximate 
1.5 % and extend from five to eleven miles in 
length. Heavy curvature is encountered, mak- 
ing necessary the use of the booster in ascend- 
ing the heaviest portions of these grades. 


The boilers of the new locomotives, aside 
from the increase in length made possible by 
the increase in the wheel base, differ princi- 
pally from the boiler of the A-1 locomotive in 
the inclusion of a 42-inch combustion chamber, 
in the location of the dome just in front of 
the combustion chamber, and in the use of an 


5 110 sq. ft. 


5113 sq. ft. 
2100 sq. ft. 2441 sq. ft. 
7 218 sq, ft: 5 92201 sqhte 
100 sq. ft. (1) A00 sq. ft. 
83.000 Ib. 69 400 Ib. 
96 000 Ib. 82 600 lb. 
3.62. 3.58, 


inside dry pipe. It will be remembered that 
the dome in the earlier locomotive was located 
on the front boiler course, with a short out- 
side dry pipe. The dome course in the new 
boilers is 98 inches in outside diameter, this 
being reduced by a taper course to 86 1/2 
inches at the front course. A shut-off valve, 
by which the entrance to the dry pipe may 
be closed, il located in the dome, the operat- 
ing handle extending out through the right 
side of the dome. The tubes are 21 ft. 6 in. 
long and the tube sheets are laid out with 
184 flues 3 1/2 inches in diameter, for a 
Type E superheater of 92 units. With the 
exception of the change in the dry pipe, the 
front end arrangement is essentially the same 
as that of the Lima A-1. The unit bolts of 
the superheater header are accessible through 
a rectangular opening in the top of the smoke- 
box shell and the Chambers front end throttle 


is located between the superheater header and 


the branch pipes forward of the smoke stack. 

The firebox, which has the same inside di- 
mensions at the mud ring as the Lima A-l, is 
fitted for oil-burning service, with a 4-inch 
Booth burner entering the front of the draft 
pan which is set back about one-third the 
length of the firebox from the front of the 
mud ring. The locomotive is designed, how- 
ever, for possible later conversion to coal-burn- 


ing service, in which case the two Nicholson - 


thermic syphons (fig. 9) will serve as arch 
supports. 

The locomotives are fitted with an Elesco 
feedwater heater carried on brackets on the 
front end. The feedwater pump is located 
under the running board on the left. side of 
the locomotive. 


(1) The firebox is fitted for burning oil. 
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Fig. 9. — Interior of the firebox, 


showing the position of the Nicholson thermic syphons. 


Fig. 10. — The cast steel cylinders showing 


one of the outside exhaust passages. 


Fig. 14. — The articulated trailer frame casting. 


The cylinders are 29 inches in diameter by 
32 inches stroke. They are steel castings with 
Hunt-Spitler gun iron bushings and, like the 
cylinders of the Lima A-1, the exhaust steam 
is carried from extension valve chamber heads 
through cast pipes which are bolted to open- 
ings on the front and back faces of the saddle 
casting, from whence the exhaust steam is 
carried inward and upward through cored 
passages to the exhaust nozzle base at the top 
of the saddle. These are the only steam 
passages in the saddle portion of the cylinder 
castings. The exhaust nozzles are fitted with 


tips having the Goodfellow internal projec- 
tions, ; 

This cylinder construction is shown clearly 
in figure 10, It has made possible a reduction 
of the metal sections such that a saving of 
approximately 4000 lb. has been made in the 


' weight as compared with equivalent cast iron 


cylinders. 

The valve chamber bushings are fitted with 
the usual auxiliary starting ports necessary 
where the locomotive is to operate at a limited 
maximum cut-off, and in order to effect the 
maximum attainable smoothness of starting 


- 


rs errr 


‘secured by an 8-inch hinge pin. 
of the alignment of the main frames and the” 


torque the eut-off at the front end of the eylin- 
_ der is increased to 63 % at starting and slow.’ 
= speeds by lenghtening two of the ports in the 


front valve chamber bushings. Where the auxi- 


Biss starting ports were formerly placed at the. 
_ bottom of the bushings, they have been moved 
‘ee to the outside of the bushings in the 


Texas type locomotives, making them acces- 
sible for examination and cleaning by the re- 
“moval of plugs from the outside walls of the 
valve chamber. Steam distribution is con- 
trolled by Baker valve motion producing a 
valve travel of 8 3/4 ingties; and by the Alco 
reverse gear. 

The frame and running gear designs are the 
same in principal as those of the 2-8-4 type 
locomotive. The main frames. terminate just 
back of the rear drivers and between them is 
bolted a heavy steel hinge casting in which 
the tongue of the articulated trailing truck is 


trailer frame in every respect except lateral 
turning is secured by the bearing of the top 
rail of each main frame wpon.a sliding surface 
on the hinge extension of the trailer frame, 
and by supporting the rear end of the firebox 
directly on the rear end of the trailer frame 
through combined expansion and lateral mo- 
tion roller bearings, one on each side of the 
locomotive. .The front end of the firebox is 
supported from the rear end of the main 
frames by buckle plates. 

The five pairs of drivers are continuously 
equalized on each side of the-locomotive, start- 
ing from a fixed point back of each rear 
driver, and are cross-equalized with the engine 
truck. Each side of the trailing truck is 
equalized as a unit. This is the same system 
of equalization as that of the Lima A-1, 

The trailer frame of the Texas type loco- 


- motives is a one-piece steel casting (fig. 11), 
‘the front end of which forms the hinge and 


in the rear end of which is incorporated the 
pocket for the Unit drawbar between the en- 
gine and tender and on which is mounted the 
Radial buffer. 

The cab is supported on cast steel arms 
which are bolted to the rear corners of the 


amud ring and in which are incorporated the 


ag 


Continuity. 


top members of the expansion and lateral mo- 
tion bearings. The wind sheet extending 
down from the rear end of the cab deck is 
divided into two parts so that by the removal 
of the lower sheet itis possible to run the 
trailer truck out from under the locomotive 
without lifting the rear end.of the boiler more 
than enough to relieve the trailer of its load. 


The booster, which drives on the rear pair 
of trailing wheels, is supported from the truck 
frame by a yoke casting behind the wheels. 

The five pairs of drivers are driven by: arti- 
culated main rods of the type used on the A-l, 
driving on the third and fourth crank pins. 
Side rods distribute the load from the third 
pair forward to the second and first, and to 
the; rear from the fourth to the fifth, An 
interesting feature of the rod arrangement is 
the setting out of the back side rod pin bear- 
ings 3 inches from the face of the wheels, the 
increased Clearance thus provided being used 
to bring the center of gravity of the counter- 
balance of the fourth and fifth wheels out 
nearer to the plane of the reciprocating parts. 
The forward driving axle is fitted with lateral] 
motion driving boxes designed to provide a 
total lateral movement of 1 1/2 inches. 


The material in the main and side rods is 
normal carbon-vanadium: steel. The piston 
rods and crank ‘pins are of chrome-vanadium, 
heat treated, the main crank pins being 
hollow-bored and the others solid. The piston 
eenters are Carnegie rolled steel fitted with 
Hunt-Spiller gun iron bull rings and packing 
rings. 

The cylinders receive lubrication from three 
sources. The principal source is a Nathan 
Type DV force feed lubricator, the four feeds 
of which deliver oil to the cylinders and the 
valve chambers, A Nathan five-feed hydro- 
static lubricator is provided for the air pump, 
the feedwater pump and the booster. The 
other two feeds are connected to the steam 
pipes as high above the cylinders as the fit- 
tings can be conveniently applied. In addi- 
tion to these lubricators, a National Graphite 
Company pendulum type graphite lubricator 
is fitted in the neck of the superlieater header 
where the saturated steam enters. 


The locomotives are served by tenders with 
a water capacity of 14000 gallons and a fuel 
oil capacity of 5000 gallons. 
been designed to permit the application of a 
stoker with a minimum of alterations should table: 


Railroad ex 
Type of locomotive 
Service. de igpeattele. See" Apel 
Cylinders, diameter and stroke . 
Valve gear, type. 
Valves, piston type, size 
Maximum travel . 
Steam lap 
Exhaust clearance 
Cut-off in full gear . 


Weights in working order 


On drivers . 
On front truck 
On trailing truck. 
Total engine 
Tender 

Wheel bases : 
Driving . 
Rigid . emA%; 
Total engine . . . . 
Total engine and tender 


Wheels, diameter outside tires : 
Driving . 
Front truck. 
Trailing truck . 

Journals, diameter and length: 
Driving, main . 
Driving, others 
Front truck, 
Trailing truck . 

Boiler : 
Type. 
Steam pressure 
Fuel, kind . ‘an 
Diameter, first ring outside 
Firebox; length and width 
Combustion chamber length . 
Tubes, number and diameter. 
Flues, number and diameter 
Length over tube sheets 
Grate area. . . 


The tender has 


580. 


it later become desiderable to convert the loco- 
‘motives from oil-burning to coal-burning services 

The principal dimensions and proportions of 
these locomotives are given in the following 


2 7/16 in. 
1/16 in. 


Texas & Pacific. 
2-40-4. 

Freight. 

29 by 32 in. 
Baker. 

14 in, 


8 3/4 in. 


60 oe 


300 000 Ib. 
44 800 lb. 
106 200 Ib. 
448 000 1b, 
275 200 |b. 


22 ft. 

46 ft. 6 in. 
46 ft, 8 in. 
86 ft. 8 id. 


63 in. 
33 in. 
36 in. and 43 in. 


43 in. by 44 in. 
44 in. by 13 in. 
7 in. by 42 in. 
6 4/2 in. by 42 in. 
9 in. by 14 in. 


Taper course. 
250 lb, 

Oil. 

86 4/2 in. 

150 4/8 in. by 96 1/4 in. 
42 in. 

82—2 4/4 in. 

484—3 4/2 in. 

24 ft. 6 in. 
No grate. 


Heating surfaces : 


Total evaporative... . . . 
Superheating . . . . .. 
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Comb, evaporative and superheating . 


Tender : 

Rovlens bose. chges oct 

Water capacity 

Fuel capacity. . . 
Rated tractive force . . . A 
Rated tractive force, incl. booster.. 


5 443 sq. ft. 
2400 sq. ft. 
7 243 sq. ft. 


Rectangular. 
44 000 gal. 
5 000 gal, 


83 000 lb. 
96 000: lb. 


NEW BOOKS AND PUBLICATIONS 
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Proceedings of the twenty-first annual meeting of the American Wood-Preservers’ Association. — One 
volume (9 X 6 inches) of 380-xLv pages, with numeros tables and plates in the text.— 1925, 
Democrat Printing Company, Madison, Wisconsin, 


This book, which contains 385 pages, 
is somewhat difficult to review, in that 
it is in reality a verbatim report of the 
2ist annual meeting of the American 
Wood Preservers’ Association; and the 
subjects dealt with are very complex, 
although dealing chiefly with the treat- 
ment and preserving of timbers. 

The book shows how thoroughly the 
American Wood Preservers’ Association 
have gone into this interesting matter of 
wood preserving. In Great Britain, with 
which country the reviewer is connect- 
ed, no preservatives are used for wood 
for railway carriage construction, unless 


paint and varnish come under this head- 


ing. There are in traffie many coaches 
which have run 30 years or more, and 
the timber shows no sign of decay; this 
is probably due to the result of using 
only thoroughly well seasoned woods, 
and under such circumstances there 
seems to be no necessity for using a pre- 
servative.on the timber required for rail- 
way carriage construction. 


[ 313, 656.28 (.42) | 


In the book under review there is an 
interesting paper dealing with «. Car 
lumber », and reference is made to an 
article by Mr. F. S. Shinn, which appear- 
ed in the « Railway Mechanical Engin- 
eer > of September 1924, in which he 
gave the probable life of various parts 
of wooden cars. For stock car decking 
he gives a life of from 2 to 5 years, and 
for sills from 5 to 8 years. This com- 
pares with a life of naturally seasoned 
sill pieces in Great Britain of from 15 
to 20 years. 

In spite of this, Mr. C. Marshall Taylor, 
in ‘an interesting article on « Wood, pre- 
servation in Europe », makes the remark 
that the American railroads can well feel 
proud of their achievement in this field. 
It must be said, however, that he chiefly . 
deals. with sleepers, etc., with which 
other papers in the book also discuss. — 

The book undoubtedly shows the very 
great consideration which is given to 
timber for all kinds of purposes in the 
United States, A, D. 


RAYNAR WILSON (H.), Railway Accidents. Legislation and statistics, 1825-1924. — One volume 
in-4° (13 x 8 inches) of 39-++ xix pages, with two charts and 9 tables in the text. — 1925, The 
Raynar Wilson Company, 96, Hurlingham Road, London, 8. W. 6. — Price : 6 sh. 


Mr. H. Raynar Wilson has seized the 
opportunity presented by the hundreth 
anniversary of the opening of the first 
railway over which the public was con- 
veyed by locomotive power to pay a tri- 


bute to those who have made railway . 
travel in Great Britain so remarkably 
safe, 

._In his « Railway Accidents, Legisla- 
tion and Statistics : 1825 to 1924 », he 


gives a history of British Railway acci- 
dents set out in nine tables as under :. 


_I, — Number and classes of accidents repor- 
ted, 1851-1924. 
Il. — Number and classes of accidents repor- 


ted 1921-1924. 


IlJ. — Number of passengers and servants 
killed in accidents to trains, 1850- 
1924. 

Class of the 3280 accidents inquired 
into, 1871-1908. 

Y. — Causes and contributory causes of the 

3280 accidents inquired into, 1871- 
1908. 

VI. — Number and classes of accidents inqui- 
red into, 1909-1924. 

Primary causes of the accidents inqui- 
red into, 1919-1924. 

VII]. — Primary causes, as determined by the 

author, of the 2707 accidents inqui- 

red into, 1875-1924. 

IX. — List of all train accidents in which 

passengers were killed, 1825-1924. 


Iv. — 


VII, — 


He also presents two charts dealing 
with : 


I. — Train mileage and number of passen- 
: gers, 1875-1924. ; 
(I. — Number of route-miles; train-miles per 
route-mile ; tonnage per route-mile, 
1875-1913. ; 


In chapter I — « The Purpose of the 
Work » — the author gives his views on 
the subject of railway accidents and ex- 
presses the opinion, contrary to that 
which very widely prevails, that a large 
proportion of mishaps have been due to 
causes for which the men could not be 
held responsible. 

Tribute is paid to the good work done 
by British railwaymen, both present 
and past, and to the men — whose names 
are now almost forgotten — who in early 
railway history designed, introduced, 


and improved numerous _ safeguards 
against the then insecurity of railway 
travel. 

VI-8 
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Chapter II — « Legislation », — The 
author sets out very clearly and fully the 
legislation designed to reduce accidenis 
and promote greater safety both to the 
workers and the users of the railway. 

The regulation of Railways act of 1840 
gave the Board of Trade certain author- 
ity over the railways. The general prin- 
ciple of this legislation has not since 
been repealed. 

On January 25th 1841, the Railway De- 
partment made its first report to the 
Board of Trade and stressed the inade- 
quacy of the powers given to that Board 
having regard to the public safety. 

By the Act of 1842 the railway com- 
panies were required to render returns 
of all serious accidents whether. attend- 
ed with personal injury or not. 

December 4th 1857, saw the: appoint- 
ment of a select committee to inquire 
into the causes of accidents on railways 
and the possibiliy of removing any such 
causes by further legislation. The ques- 
tion of additional powers for the Board 
of Trade again became the subject of 
discussion and the provision of commu- 
nication between passengers and the ser- 
vants in charge of the train was urged. 
an Act passed in 1868 ordered that every 
train which carried passengers and tra- 
velled more than 20 miles without stop- 
ping was to be provided with efficient 
means of communication. 

The act of 1871, which was an im- 
portant step taken in the cause of safety 
on railways, put the procedure to be fol- 
lowed for railway accidents on a proper 
basis, the accidents to be reported were 
enlarged and more definitely stated, and 
the holding of enquiries was legalised. 

One consequence of the act of 1871 
was the introduction of the series of 
Board of Trade annual reports, the first 
of which was for the year 1870, and 
these reports continue to this day. 

The Regulation of railways act of 
1889 made compulsory the block sys- 
tem, concentration and interlocking on 
passenger lines and the provision of au- 
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tomatic continuous brakes on passenger 
trains. : 

The Railway employment (prevention 
of accidents) Act of 1900, although ap- 
plying to railway servants, gave very 
great power to the Board of Trade in 
the matter of accidents generally. 

In 1919 the powers as to railways pos- 
sessed by the Board of Trade were trans- 
ferred to the Ministry of Transport on 
the constitution of the latter in that year. 

Chapter III — « The Tables Explain- 
ed >» — gives detailed explanations of the 
nine tables referred to above and cannot 
fail to be of great assistance and interest 


to laymen and others who desire to ap- 
preciate the work that has been done to 
make railway travel a very low risk. 

As an illustration of what has been 
accomplished in the manufacture of the 
parts of rolling stock, it is interesting 
to note that in the five years 1871-1875 
inclusive there were 1048 axle failures 
as compared with 325 for the period 
1921-1924. There are no figures avail- 
able to show the number of axles in use 
in the two periods, but when it is re- 
membered that the train miles in the 
latter period were twice as many as the 
former the improvement is remarkable. 


